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MODEL 480 GENESCOPE 



The Simpson Model 480 GENESCOPE has been designed carefully to supply all the 
necessary signal sources for the proper alignment and servicing of FM and TV re- 
ceivers. In addition to signal sources, the GENESCOPE includes a high sensitivity 
oscilloscope of advance design complete in every detail. It is equipped with a high fre- 
quency crystal probe for signal tracing. 

There are two separate tunable oscillator sections. Each oscillator section is pro- 
vided with a large precision vernier dial having a 20:1 knob-to-pointer ratio and a 1000 
division logging scale. They are easy to read and easy to set to any exact frequency 
within the range of the generator. Each oscillator section has a separate output atten- 
uator, With these the operator can achieve the desired balance of signal strengths for 
mixed outputs. 

Everything possible has been done to make the GENESCOPE the most accurate, 
flexible and convenient instrument available. Each part of this instrument has been 
considered carefully for long life and stability. Many of the most vital components are 
manufactured under rigid supervision within our own plants in order to insure lasting 
accuracy and many years of uninterrupted service. 

DESCRIPTION 

The GENESCOPE is arranged in three major sections. See figure 1. 

The left-hand section contains a crystal calibrator, a 400 cycle audio oscillator, 
and a three range r-f generator which can be amplitude modulated with the output of 
the 400 cycle audio oscillator. 

The desired type of signal is selected by the SIGNAL switch (left). The SIGNAL 
switch has five positions, named OFF, UNMOD. R F., CAL., MOD. R.F., and AUDIO. 
When the switch is in the OFF position, the entire A. M, Generator section is inoper- 
ative, When the switch is in the UNMOD. R.F, position, an unmodulated r-f signal is 
available through the OUTPUT jack and cable. The amplitude is controlled with the 
SIGNAL ATTENUATORS, with both fine and coarse adjustments (center and right). 
When the switch is in the CAL. position, the output of a 5.0 me, crystal oscillator is 
mixed with the r-f signal to produce a "beat " according to the information in table 1. 
The beat patterns can be observed on the oscilloscope. By using table 1 and the oscill- 
oscope, any frequency within the range of the instrument can be produced quickly and 
precisely. When the switch is in the MOD. R.F. position, the r-f signal is amplitude 
modulated 30% with a 400 cycle audio frequency and the nrmdulated signal is available 
through the OUTPUT jack and cable. The amplitude is controlled by the SIGNAL ATTEN- 
UATORS. When the switch is in the AUDIO position, a 400 cycle signal is available 
through the OUTPUT jack and cable. The amplitude is controlled by the SIGNAL 
ATTENUATORS. 

A potentiometer and a five-position switch together comprise the SIGNAL ATTEN- 
UATORS. The switch, at the right, is the coarse amplitude selector for the output of 
the a-m generator, and the potentiometer acts as a fine adjustment on amplitude. 

The A, M. GENERATOR RANGE switch, located just below the center of the dial, 
selects each of three bands of radio frequencies. The tuning knob varies the frequency 
throughout each band. 

Band A. Fundamental 3.3 to 7.8 me. Second harmonic 6.6 to 15.6 me. 

Band B. Fundamental 15 to 38 me. Second harmonic 30 to 76 me. 

Band C. Fundamental 75 to 125 me. Second harmonic 150 to 250 me. 
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The POWER switch (lower center) controls the power input to all three sections of 
the GENESCOPE . When the switch is in the OFF position the entire instrument is 
turned off. In the STAND BY position, all the tube filaments are turned on but no plate 
voltage is applied. In the OPERATE position, plate voltages are applied. The green 
light is on for both STAND BY and OPERATE positions of the switch, and the red light 
is on for the OPERATE position only. 

The center sectionofthe GENESCOPE contains the oscilloscope and its associated 
controls. The 3 " cathode ray tube of the oscilloscope is mounted vertically in the case 
in order to conserve bench space. The pattern on the face of the cathode ray tube is 
viewed witha mirror inanadjustable hinged section of the top of the cabinet. The angle 
at which the mirroi is set may be adjusted quickly for any position of the operator. The 
tube face is placed well below the top surface of the cabinet to shield it from incident 
light without hampering the operator's view with narrow angle light shields; this pro- 
duces an image which is always clear and bright. 



Each oscilloscope control is labelled and has a purpose as follows: 



FOCUS 

INTENSITY 

VERTICAL CENTERING 
HORIZ. CENTERING 
SWEEP RANGE 
RANGE FREQUENCY 

SYNC. 



VERTICAL GAIN 

VERTICAL SENS, 

HORIZ. CENTERING 
HORIZ. GAIN 



HORIZ. SENS. 
FUNCTION 



Adjusts sharpness of trace. 

Adjusts brightness of trace. 

Moves trace up or down. 

Moves trace to right or left. 

Coarsely selects linear sweep frequencies. 

Fine adjustment to frequencies in band selected with 
SWEEP RANGE switch. 

Controls amplitude of synchronizing voltage which 
may be used to assist in locking a pattern in position 
horizontally when using a linear sweep. 

Fine adjustment to control portion of input signal fed 
to the verticalamplifier and resulting pattern height. 
Coarse control on portion of horizontal signal fed to 
the horizontal vertical amplifier. 

Moves trace to right or left. 

Fine adjustment to control portionof horizontal signal 
fed to the horizontal amplifier and resulting pattern 
width. 

Coarse control on portion of input signal fed to the 
horizontal amplifier. 

Selects the source of horizontal deflection signal and 
of synchronizing signal. 



The FUNCTION switch has five positions labelled for the type of signal fed through 
the horizontal amplifier to the horizontal deflection circuit of the cathode ray tube. In 
the 60,^ SWEEP position a 60 cycle sine wave voltage is applied to the horizontal de- 
flection circuits through the amplifier; this sine wave sweep is especially useful for 
visual alignment of f-m circuits. In the INT. SYNC., LINE SYNC, and EXT. SYNC, 
positions the linear sweep circuit of the oscilloscope furnishes the horizontal ampli- 
Her input signal. The sweep circuit can be synchornized by a signal from the source 
named in the switch position; from the vertical input for INT. SYNC., from the 60 cycle 
p>ower line for LINE SYNC,, or from a signal connected between the external sync, 
screw on the internal connections board and ground for the EXT. SYNC, position. In 
the HOR. AMP. position, any signal fed into the HORIZONTAL INPUT jack is connected 
to the horizontal amplifier input. The linear sweep circuit does not function with the 
switch in the 60 SWEEP position or the HOR. AMP. position. 

The jack labelled VERTICAL INPUT is the connection point on the front panel through 
which an a-c signal is sent to the vertical amplifier. 
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Under ttie cover plate labelled REMOVE FOR INTERNAL OSCILLOSCOPE CONNEC” 
TIONS are 15 screws which allow many variations of osc illoscope connections. 





FIG. 2. INTERNAL OSCILLOSCOPE CONNECTIONS 



The screw terminals are numbered from 1 to 15 and are connected as follows: 



Terminal 1. 



Terminal 2. 



Terminal 3. 



Vertical amplifier d-c input. Used as an alternate to VERTICAL 
INPUT jack for a d-c input to the vertical amplifier. 

External sync. Used to connects signal through the FUNCTION 
switch in its EXT. SYNC, position to synchronize the linear, 
sweep before applying it to the horizontal amplifier. 

Output of blanking tube. A source of signal normally used to 
blank the return trace of the linear sweeps when connected to 
terminal 4. 



Terminal 4. Cathode of cathode ray tube through a coupling capacitor. 

Normally jumpered to terminal 3. When jumper is removed, 
an intensity modulation may be superimposed on the pattern 
on the face of the cathode ray tube by connecting the signal 
to terminal 4. 



Terminal 5. Horizontal amplifier d-c input. Used as analternate to HORIZ- 

ONTAL INPUT jack for a d-c input to the horizontal amplifier 
when the FUNCTION switch is in the HOR. AMP. position. 



Terminals 6 & 7. Vertical amplifier output. Normally terminal 6 is connected 

to terminal 11 and terminal 7 to terminal 12 to connect the 
amplifier output to the vertical deflection plates. 

Terminal 6. Ground to chassis. Convenient ground contact for any input 

signal. 

Terminals 9 & 10 Horizontal amplifier output. Normally terminal 9 is connected 

to terminal 14 and terminal 10 to terminal 15 to connect the 
amplifier output to the horizontal deflection plates. 

Terminals 11 k 12. Vertical deflection plates of cathode ray tube. Normally term- 
inal 11 is connected to terminal 6 and terminal 12 to term- 
inal 7. When the jumpers are removed, a signal may be in- 
jected directly between terminals 11 and 12 to cause a vertical 
deflection on the cathode ray tube without the aid of the vert- 
ical amplifier. 
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NOTE: Terminals 11 and 12 have a d-'C voltage o£ about 175 
volts with respect to the chassis. Use a coupling capacitor 
in series with each side of an input fed to these terminals. 

Terminal 13. Ground to chassis. Convenient ground contact for any input 
signal. 

Terminals 14 15. Horizontal deflection plates of cathode ray tube. Normally 

terminal 14 is connected to terminal 9 and terminal 15 to 
terminal 10. When the jumpers are removed, a signal may be 
injected directly between terminals 14 and 15 to cause a horiz- 
ontal deflection on the cathode ray tube without the aid of the 
horizontal amplifier. 

NOTE: Terminals 14 and 15 have a d-c voltage of about 175 
volts with respect to the chassis. Use a coupling capacitor in 
series with each side of an input fed to these terminals. 

The jack labelled HORIZONTAL INPUT is the connection pointon the front panel through 
which an a-c signal may be fed to the horizontal amplifier. The FUNCTION switch must 
be in the HOR. AMP. position to complete this input connection. 

The right hand section of the GENESCOPE contains a frequency modulated signal 
generator, a 140 me. fixed frequency oscillator , a mixer , and phasing and blanking cir- 
cuits. The output of the f-m signal generator is connected through an attenuator to the 
OUTPUT jack. The OUTPUT jack serves both the a-m and the f-m signal generators. 

The F.M. GENERATOR RANGE switch below the center of the dial has three positions. 
In the OFF position, the f-m generator section of the GENESCOPE is inoperative. In 
the A position, both the 140 me. fixed frequency oscillator and the tunable f-m oscillator 
are operating; the output frequency from the mixer is the difference of these two fre- 
quencies and is in the range of 2 to 120 me. In the B position, the 140 me. fixed fre- 
quency oscillator is turned off, and the f-m oscillator fundamental frequency is avail- 
able at the output; the tunable range of this band is 140 to 260 me. The tuning knob in 
the dial serves to select any frequency within the range indicated on the CENTER 
FREQUENCY dial. 

The F.M. ATTENUATORSare two controls which ac^a8 coarse and fine adjustments. 
A 5- position switch provides coarse control on attenuation, and a continuously variable 
potentiometer provides the fine control. 

The F.M. SWEEP control (right side) regulates the amount of frequency variation 
due to modulation. The center frequency can be swept through a bandwidth of zero to 
15 megacycles. The rate at which it is swept through the selected range and back is 
the modulation frequency of 60 cycles. 

The PHASING control is a phase adjuster on the 60 cycle sine wave signal furnished 
to the horizontal amplifier when the FUNCTION switch is in the hO'^'^ SWEEP position. It 
is to be used to sweep the trace on the oscilloscope in phase with the 60 cycle sweep 
modulation on the carrier. This will superimpose the response pattern on the forward 
trace over the pattern on the return trace. 

The BLANKING control has a potentiometer and a switch on the same shaft. The 
switch is actuated at the full counter-clockwise knob position. When the knob is in the 
OFF position, no blanking occurs and the F.M. Generator oscillates continuously. When 
the knob is rotated toward its numbered range, the switchactuates and applies a 60 cycle 
voltage to the f-moscillator grid to block outoscillations during its negative half cycles. 



Turning the BLANKING control through its numbered range changes the phasing of the 
blocking voltage with respect to the horizontal sweep to the oscilloscope. Thus either 
the forward or the return trace can coincide with the period of oscillation and the al- 
ternate trace can coincide with the time during which the oscillator is turned off. On 

theoscilloscope.theoperator will seea single response curve witha base line through it. 

Four cables are supplied for making connections between the GENESCOPE and a 
receiver. The output cable which connects the GENESCOPE OUTPUT jack to the input 
of the receiver includes a variable termination network which can be adapted quickly 
to the receiver input impedance. See figure 19 and table 2 for further information. The 
cable with the high frequency probe is used for the VERTICAL INPUT to the oscilloscope 
when amplitude modulated high frequencies are involved. The other two cables are used 
for ordinary connections to the HORIZONTAL and VERTICAL INPUT jacks of the oscill- 
oscope. 

During normal alignment procedure, the signal is sent out of the OUTPUT jack to the 
receiver under test, returned to the GENESCOPE through the VERTICAL INPUT jack, 
through the FUNCTION switch in the 60^ sweep position, through the SIGNAL switch 
in any position except CAL., and to the vertical amplifier. This arrangement was de- 
signed to simplify the alignment operation by internal switching of the oscilloscope 
vertical input. When the SIGNAL switch is in CAL. position, the signal fed to the vert- 
ical amplifier is the audio beat frequency produced by the crystal calibrator and the 
a-m generator near any of the calibration points listed in table 1. 



CALIBRATION PROCEDURE FOR DETERMINING 
TUNABLE FREQUENCIES WITH CRYSTAL ACCURACY 

The GENESCOPE has two precision vernier dials; one is used for the A-M Gen- 
erator and the other for the F-M Generator. The A-M Generator can be used as a 
marker generator for both FM and TV alignment. It needs to be extremely accurate 
to adjust FM and TV receivers properly. The basic accuracy is better than 1% (out- 
put frequency against dial indications), but it needs to be even more accurate for align- 
ment. For this reason, the GENESCOPE is provided with a crystal oscillator stan- 
dard having an accuracy of .05% or better. It is by use of this standard and the log- 
ging scale of the A-M Generator that frequencies may be established with crystal accur- 
acy at any point in the range of the A-M Generator. 

To prepare the GENESCOPE for calibration, turn the POWER switch to OPERATE: 
SIGNAL switch to CAL.; SIGNAL ATTENUATORS to a low setting*; A.M. GENERATOR 
RANGE switch to A, B, or C , depending on the frequency to be established; oscilloscope 
FUNCTION switch to 60#w SWEEP; VERT. SENS, to HIGH; VERTICAL GAIN between 
6 and 10; and INTENSITY, FOCUS, VERTICAL CENTERING, and HORIZ. CENTERING 
for a clear, bright, centered line. Adjust the width of the line to about two inches with 
the HORIZ. GAIN control. Slowly rotate the A-M Generator tuning knob while observ- 
ing the oscilloscope screen. At various tuning points a pattern will appear on the tube. 
Rotate the dial slowly through the area in which a pattern can be seen. First a high 
frequency appears, then as the knob is rotated slowly, note that the frequency reduces 
to zero and then increases to ahigh frequency again and disappears. The patterns are 
the results of beat frequencies developed between the a-m oscillator and the 5.0 me. 
crystal oscillator. 

The point at which the pattern reduces to zero frequency is known as zero beat and 
is the point at which the two oscillators are in step. The zero beat point is identified 
easily by the fact that the slightest movement of the dial in either direction will cause 
the pattern to increase inheightandfrequency. At zero beat the pattern is, essentially, 
a straight line. At the higher frequencies it is sometimes difficult to bring the pattern 
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down to exact zero beat, butthis is not important so long as it is brought down to with- 
in two or three hundred cycles. 



Note that some points on the dial will produce much larger patterns than others. 
This is due to the order of harmonics of the two oscillators producing the beat pattern. 

The lower harmonics result in a stronger beat pattern. Some of the weaker patterns — — 
may require a higher setting of the VERTICAL GAIN control while some of the stronger 
may require a lower setting. 
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TABLE I. CRYSTAL CALIBRATING POINTS 

[ Table 1 has been developed to assist the operator in identifying the frequencies where 

beat patterns occur and the oscillator harmonics which produce them. The frequencies 
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preceded by an asterisk (*) will produce the stronger patterns and should be used 




FIG. 3. GENESCOPE LCX5GING DIAL 

Figure 3 is an illustration of the logging arcs as they are used in both A-M and 
F-M Generator dials. The upper arc of each dial is divided into 10 equal divisions 
marked from 0 to 100. On the knob shaft is another dial marked in 100 equal divisions. 
The gear ratio between the knob shaft and the pointer is such thatone revolution of the 
knob shaft moves the pointer through one of its ten divisions. Thus each division of 
the logging scale is effectively divided into 100 parts and the entire arc into 1000 parts. 
The minor divisions may be divided visually for further increasing the number of log- 
ging points and the resulting accuracy of calibration information. For example, the 
reading on the logging scale in figure 2 is 22.5. The main pointer shows that the set- 
ting is 20 plus some additional amount, and the dial on the knob shaft shows that the 
additional amount is 2.5. If the knob were turned slightly counterclockwise so the dial 
setting were half way between 2.5 and 2.6, it could be read as 2.55 and the indicated 
setting would be 22.55 divisions. Take advantage of the visual division of these marked 
points and effectively increase the accuracy to 2000 or more scale divisions. 

DETERMINING AN EXACT FREQUENCY 

There are two methods by which a given frequency setting may be obtained. They 
are somewhat similar but one is simpler , while the other yields morq accurate results. 

The first method is the simpler and, with practice can produce acceptable results 
for most purposes. The process consists of first determining the number of logging 
scale divisions which correspond to a one megacycle frequency difference which in- 
cludes the desired frequency; second, mathematically figuring the number of logging 
scale divisions the desired frequency is away from a crystal check point (see table 1); 
third, tuning to the crystal check point and observing its logging scale reading; and 
fourth, adding or subtracting the determined number of scale divisions to or from the 
reading at the crystal checkpoint. When the logging scale is set to the reading obtained 
in the fourth step, the desired frequency should be tuned by the oscillator. 

A step-by-step example of the first method follows: 

Assume that a frequency of 20.75 me. is desired in the A.M. Generator, Note that table 
1 shows a strong calibration check point at 20 me. Set the A.M. GENERATOR RANGE 
switch to B, the SIGNAL switch to CAL,, and the SIGNAL ATTENUATORS and VERT- 
ICAL GAIN as required to see the zero beat indications on the oscilloscope. Have the 
POWER switch in either STAND BY or OPERATE position for at least 15 minutes be- 
fore beginning the calibration to allow the GENESCOPE to warm up, and set it in the 
OPERATE position to calibrate. 



1. Observe the tuning arc of range Bfrom a position directly in front of the pointer 
(to avoid parallax error) and set the pointer over the 20 megacycle mark on the dial. 3 ^ 
Record the logging scale reading for this setting. On a sample unit the setting was 36.0 
(use your readings, since there will be variation from one unit to another which does 
not affectthe accuracy inany way.) Setthe pointer exactly over the 21 megacycle mark 
on the dial. Again record the logging scale reading. The sample unit read 40.45 for 
this setting. Subtract the first reading from the second to obtain the number of scale 
divisions which correspond to one megacycle. 40.45 - 36.0 is 4.45 divisions. 

2. Determine the frequency difference, in megacycles, between the desired fre- 
quency and a check point (table 1); then multiply this difference by the result of step 1 
above. In the example, the desired frequency of 20.75 me. is .75 me. away from the 
strong calibration check point at 20 me. The result of step 1 shows that in this area 
of the sample unit, a change of 4.45 scale divisions corresponds to a change of one meg- 
acycle. Multiply .75 x 4.45 to get 3.33 divisions. 

3. With the aid of the oscilloscope, tune the generator to its zero beat position for 
the chosen calibration check point and record the logging scale setting for this position. 

In the example, the sample unit was tuned to 20 megacycles and the logging scale read 
36.2 divisions. 

4. Add or subtract the results of steps 2 snd 3. Add if the check point frequency 
is lower than the desired frequency, or subtract if the check point frequency is the 
higher. This sum or difference is the logging scale setting to use for the desired fre- 
quency. In the example, add (because the check point is below 20.75 me.) 3.33 to 36.2 
to obtain 39.53 divisions. 

Note that the logging scale readings are for a sample unit only. Do not use these 
readings. Obtain the logging scale readings for your GENESCOPE and use them in a 
similar way. Although you will be using some frequency settings repeatedly, do not 
rely on the stability of the instrument over long periods of time; the components are sub- 
ject to normal deterioration and will cause slight changes of logging scale settings in time. 

The second method is different from the first only in the fact that two crystal check 
point settings are used in place of two dial markings. First, determine the number of 
logging scale divisions which correspond to the frequency difference between two crystal 
check points surrounding the desired frequency; second, mathematically figure the 
number of logging scale divisions the desired frequency is away from one of the check 
point frequency; third, add or subtract the determined number of scale divisions to or 
from the reading at the crystal check point. Add if the lower check point is the ref- 
erence, or subtract if the higher check point is the reference. When the logging scale 
is set to the reading obtained in the third step, the desired frequency will be tuned by 
the oscillator. The accuracy obtained by this method is better than 

A step-by-step example of the second method follows. Again, assume that a fre- 
quency of 20.75 me. is desired in the A. M. Generator. Note that the two nearest 
strong crystal check points are 20.0 and 21.67 me. (table 1). There are weak check 
points at 21.0 and 21.25 me. , but these are not recommended because they are close to- 
gether and difficult to identify. Set the A.M. GENERATOR RANGE switch to B, the 
SIGNAL switch to CAL., and the SIGNAL ATTENUATORS and VERTICAL GAIN as re- 
quired to sec the zero beat indications on the oscilloscope. Have the POWER switch in 
either STAND BY or OPERATE position for at least 15 minutes before beginning the 
calibration to allow theGENESCOPEto warm up, and set it in the OPERATE piosition to 
calibrate. 

1. With the aid of the oscilloscope, tune the A. M. Generator around the 20 mega- 
cycle point for the zero beat indication. Record the logging scale setting for the zero 
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beat position. On the sample unit, the reading was 36.2 divisions (use the reading on 
your own GENESCOPE : this is for an example only). Retune the A. M. Generator 
around the 21.67 me. point for the zero beat indication. Record the logging scale set- 
ting for this zero beat position. On the sample unit, the reading was 43.3 divisions. 
Subtract the first reading from the second for the number of logging scale divisions 
between the check point frequencies. For the example, 43.3 - 36.2 is 7.1 divisions. 

2. Determine the frequency difference between the desired frequency and either 
check point frequency. In the example, the desired frequency (20.75 me.) is .75 me. 
above the lower check point and is .92 me. below the upper check point. Next find the 
frequency difference between the two check points. In the example this is 1.67 meg- 
acycles. By ratio and proportion, the frequency deviations can be translated into scale 
divisions for the logging scale; 



Dl 












where Dj 


- 


logging scale divisions between one check 
point and the desired frequency. 


»2 


- 


logging scale divisions between tyvo 
check points. 


f*l 


= 


frequency difference between the same 
check point (see Dj above) and the 
desired frequency, 


and F 2 


- 


frequency difference between the two check 
points. 



3. If the lower check point was used to determine (in step 2), add Dj to the log- 
ging scale setting for this check point; or if the higher check point was used to deter- 
mine Dj (in step 2), subtract Dj from the logging scale setting for this check point. 
The result will be the logging scale setting for the desired frequency. In the example, 
add 3.19 to 36.2 to get 39.39 divisions which is a very accurate setting to obtain 20.75 
me. on the sample unit. 

Use table 3 at the back of the manual to record the settings for the various frequencies 
after theyhave been determined. This will save time whenever the use of any frequency 
is repeated. Note that four columns apply to each frequency listed: the first column 
will contain the desired frequency; the second column will have the log scale setting which 
has been determined for the desired frequency; the third column will have the nearest 
check point frequency; and the fourth column will have the log scale setting of the crystal 
check point. To use, after it has once been filled infor any given frequency, zero beat 
the crystal check point frequency and compare the reading of the logging scale against 
the listed setting of the fourth column. If the readings are identical, tune to the logging 
scale setting of the desired frequency listed in the second column and you will have tuned 
the oscillator to the desired frequency. However, if there is a difference between the 
log scale setting for zero beat at the check point and the listed setting in the fourth 
column, it indicates that the components of the oscillator have changed and the logging 
scale settings need correction. If the log scale setting for the crystal check point has 
changed up or down one, two, or three divisions, the setting for the desired frequency 
has changed the same number of divisions in the same direction, so add or subtract the 
change to or from thecolumn2 listing to provide a corrected setting. There is enough 
space in both the second and fourth columns to keep a record of any changes over a 
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long period of time. For greater accuracy, if the scale settings change more than five 
divisions, recalculate the colunrui Z listing rather than add or subtract divisions. 

While check points at EO me. and 21.67 me. were used in the example, still greater 
accuracy of interpolation may be obtained by using the 21 me. point rather than the 
21.67 me. point. However, this is a weaker check point and is nnore difficult to identify 
than a strong check point. Note that the check point at 21 me. is produced by the 5th 
harmonic of the generator and the 21st harmonic of the crystal; therefore, this signal 
will be much weaker than the 21.67 me. signal created by the 3rd and 1 3th harmonics, 
and more vertical gain will be necessary to locate the check point with the oscilloscope. 

OSCILLOSCOPE CALIBRATION 

In many phases of television service, certain peak-to*peak voltages are specified. 
The oscilloscope section of the GENESCOPE is an excellent device to use for check- 
ing these voltages when the oscilloscope input is calibrated to a known value. 

The equipment essential for calibration is a variable voltage source and a fairly 
accurate voltmeter. This maybe either AC or DC and may consist of a filament trans- 
former and potentiometer or a battery and potentiometer connected in such a manner 
that the voltage may be varied from zero to a few volts. 

The DC method will probably be more accurate since DC voltmeters are usually 
more accurate than AC. For DC calibration, remove the plate at the lower center of 
the panel labelled REMOVE FOR INTERNAL OSCILLOSCOPE CONNECTIONS. Connect 
wires to terminals 1 and 8 and connect the other ends of the wires across the variable 
DC voltage supply together with the DC voltmeter. Set the VERTICAL SENS, control 
to LOW and the VERTICAL GAIN to zero. Adjust the FOCUS and INTENSITY controls 
for a thin, bright line and adjust the VERTICAL CENTERING control to bring the trace 
directly under the center cross hatch line. If the trace does not line up with the hor- 
izontal line of the cross hatch, rotate the cross hatch over the tube until it does. 

A convenient calibration is 1 volt per major screen division; thus each small div- 
ision represents 0.2 volts, or 10 divisions represent 2 volts. However, any desired 
calibration may be made. Adjust the voltage supply to 1 volt on the voltmeter then 
advance the VERTICAL GAIN control. The entire trace will move either up or down 
depending on the polarity of the supply. Advance the gain control until the trace has 
moved the required number of divisions and record the gain control setting. 

Increasing the voltage to 2 volts on the meter should double the deflection of the 
trace. The polarity may be reversed in order to check the calibration in the opposite 
direction. Remove the wires from the terminals. With the gain control in the cali- 
brated position the peak- to- peak voltage of an AC pattern may be determined by simply 
counting the screen divisions between peaks. 

The AC method of calibration requires a variable AC voltage, such as a filament 
transformer with a potentiometer across the secondary, and an AC voltmeter. Connect 
the voltmeter and the VERTICAL INPUT cable across the varia^>le arm of the poten- 
tiometer. Adjustthe FOCUS, INTENSITY, VERTICAL CENTERING, and HORIZONTAL 
CENTERING controls for a bright, sharp trace which is centered on the tube face. Set 
the FUNCTION switch to INT. SYNC., SWEEP RANGE to 3-15«~, and SYNC, control at 
0. Adjust the RANGE FREQUENCY control until 5 or 6 cycles of the AC voltage appear 
on the tube. A slightadvancement of the SYNC, control should lock the pattern in a steady 
position. 

Adjust the voltage input to the desired value and the VERTICAL GAIN for the de- 
siredamountof deflection. Keep in mind thatthe AC voltmeter reads RMS values which 
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are only .707 of the peak values. See figure 4. And the peak values are one-half the 
peak-to-peak values. Therefore, an RMS voltage input of .707 volts will result in a 
2 volt peak-to-peak indication on the cathode ray tube. 




FIG. 4. RELATED MEASUREMENTS OF VOLTAGE 
IN A SINE WAVE 

One of these calibrators can be built as a permanent piece of equipment so the oscill- 
oscope calibration can be determined and later checked. Calibration accuracy is de- 
pendent on tube amplification, and this will change as tubes age, or when they are re- 
placed. 




FIG. 5. SIMPSON MODEL 276 OSCILLOSCOPE CALIBRATOR 

The Simpson Model 276 Oscilloscope Calibrator is now available for a simplified 
calibration procedure. It is an accessory which can be connected directly to the cable 
leading to the VERTICAL INPUT jack. There are binding posts on the Calibrator to 
which the signal input is connected. A switching arrangement in the Calibrator simp- 
lifies the entire calibration process. The deflection due to the signal can be duplicated, 
through a wide range of values, with a deflection due to a measured voltage, and the 
value can be read directly on the meter on an RMS, PEAK, or PEAK-TO-PEAK scale 
as desired. 
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FIG. 6. GRAPHIC REPRESENTATION OF A RESPONSE CURVE 
PRINCIPLES OF VISUAL ALIGNMENT 

The visual method of adjusting resonant circuits has been developed in order to 
eliminate the tedious procedure of point by point measurements which would otherwise 
be necessary to determine the response characteristics of a tuned circuit or a number 
of tuned circuits such as used in radio and television receivers. 



Referring to figure 6 it is obvious that a response curve can be traced by applying 
a signal of fixed amplitude to the input of the. circuit and measuring the output voltage 
as the frequency of the generator is varied. This, of course, requires numerous meas- 
urements and is impractical for the purpose of circuit adjustment. The visual align- 
ment procedure accomplishes the same result, but is instantaneous. Here the gener- 
ator frequency is varied above and below circuit resonance at a fixed rate. 

The vertical amplifier of the oscilloscope is connected across the output of the cir- 
cuit in order to indicate the instantaneous voltage appearing at various points along the 
curve and the oscilloscope sweep is synchronized with the generator frequency devia- 
tion in such a manner thatthe entire resonant characteristic of the circuit is registered 
on the oscilloscope screen. 

By this method the operator can see instantly the effects of the adjustments as he 
proceeds with the alignment. 

This type of alignment is of particular value in television receivers because of the 
wide band characteristics necessary for satisfactory reception. 



ALIGNMENT PROCEDURE 

It would be impossible to coverall of the various alignment procedures in this man- 
ual since each receiver manufacturer determines the sequence of adjustment best suited 
to his particular product. 

IMPORTANT. Follow the receiver manufacturer's service instructions when making 
adjustments on television receivers. 



i 



The following paragraphs will explain the various steps in the alignment of a typical 
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receiver, and may be used as a guide for adapting the GENESCOPE to any manxifactur- 
er's specific instructions. 

The general procedure is as follows: 

1. Connect the GENESCOPE to a 110 volt 60 cycle power outlet. 

2. Turn the POWER switch to the OPERATE position. 

3. Connectthe receivertoa power outlet and turn on the power. Adjust the contrast 
control to about 3/4 of maximum. Some receivers require a battery bias to simulate 
normal AGC. 

4. Allow the receiver and the GENESCOPE towarmup for about 15 minutes before 
attempting to make any adjustments. (The GENESCOPE will not require the warm up 
period if the POWER switch has been left in the STAND BY position for at least 15 min- 
utes.) 

5. Set VERTICAL SENS, at HIGH, VERTICAL GAIN at 0, HORIZ. GAIN at about 3, 
and FUNCTION switch at 60^ SWEEP. Adjust the INTENSITY and FOCUS controls, 
VERTICAL CENTERING, HORIZ. CENTERING, and HORIZ. GAIN controls for a thin 
bright centered trace with a satisfactory length. 

6. Set the F.M. GENERATOR RANGE switch at OFF. the A.M. GENERATOR 
RANGE switch at B, the SIGNAL switch at CAL., the SIGNAL ATTENUATORS to a low 
setting, and VERTICAL GAIN at about 6. 

7. Assume that the first adjustment specified in the manufacturer's literature is- 
that of the adjacent channel video carrier trap at 19.75 me. Follow instructions given 
in CALIBRATION PROCEDURES in this manual and determine the exact setting for 
19.75 me. Record the logging scale reading for future reference. It is good practice 
to determine the dial settings for allfrequencies specified in the alignmentinstructions 
before proceeding with the adjustment: thus the alignment can be carried through with- 
out interruption. The frequencies specified in this example are; 19.75, 21.25, 21.8, 22.3, 
23.4, 25.2, 25.3, and 27.25 me. See figure 7. A new tendency among receiver manu- 
facturers is to use an intermediate frequency centered around 45 me. 




8. SettheOUTPUT cable termination for 75 ohms by jumpering terminals 6-7-8-9-S 
and terminals 2-3-4 (Open termination may be preferred. SeeTable2 for instructions ) 
Connect the alligator clip on the end of the probe to point "F "of figure 7. Connect the 
ground lead of the probe to the receiv.er chassis. Connectthe VERTICAL INPUT cable 
to point "A "of figure 7. Note that the ground lead and alligator clip may provide too 
much inductance for use at 45 me. See the special instructions on page 27 
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9. Rotate the SIGNAL switch to MOD. R.F. and adjust the SIGNAL ATTENUATORS 
and VERTICAL GAIN until a good size Lissajou pattern is seen on the oscilloscope. 
The SIGNAL ATTENUATORS should be used at the lowest setting that will give a good 
oscilloscope pattern. 

10. Set the A. M. Generator logging scale to the point recorded for 19.75 me. and 
adjust L7 (point "1 ” in figure 7) for minimum pattern height. If the pattern disappears 
completely, increase the attenuator setting until the exact minimum point can be ob- 
served on the cathode ray tube. 

11. Set the locging scale to the point recorded for 21.25 me. and adjust the sound 
take off trap L3 (point 2) for a minimum indication. 

12. Leave the Generator set for 21.25 me. and adjust the accompanying sound trap 
L9 (point 3) for a minimum indication. 

13. Set the logging scale to the point recorded for 27.25 me. and adjust the adjacent 
channel sound trap L5 (point 4) for a minimum indication. This completes the trap ad- 
justments. 

14. Set the logging scale to the point recorded for 21.8 me. and adjust the converter 
output L2 (point 5) for a maximum indication. If the pattern becomes too large reduce 
the SIGNAL ATTENUATORS. 

15. Set the logging scale to the point recorded for 25.3 me. and adjust the first IF 
L4 (point 6) for a maximum. 

16. Set the logging scale to the point recorded for 22.3 me. and adjust the second IF 
L6 (point 7) for a maximum. 

17. Set the logging scale at the point recorded for 25.2 me. and adjust the third IF 
L8 (point 8) for a maximum. 

18. Set the logging scale at the point recorded for 23.4 me. and adjust the fourth IF 
Lll (point 9) for a maximum. 

19. If coils L2, L4, and L6 have required appreciable adjustment, the associated 
traps L3, L5 and L7 should be rechecked as explained in steps 10, 11, and 13. 

20. Occasionally a receiverwill have a tendency to oscillate during alignment. Us- 
ually this is caused by two or more transformers being tuned to the same frequency. 
Such oscillation will be identified by a sudden high deflection on the cathode ray tube 
and a scrambled pattern which cannot be controlled by the attenuators. When this occurs, 
the best remedy is to shunt points C, D, E, and F with .001 mfd capacitors. Connect the 
OUTPUT cable of the GENESCOPE to point B and adjust Lll. Remove the capacitor at 
point C, Connect the OUTPUT cable at point C, and adjust L8. Repeat this process for 
each stage back to point F, Removing the capacitor and connecting the OUTPUT cable to 
points D, E, and F. Adjust L6, L4, and L2 for maximum indications. Some manufact- 
urers recommend the latter, or backwards, sequence of adjustment. It makes little 
difference which sequence is used as long as each stage is adjusted carefully to its 
assigned frequency. This completes the i-f adjustments. 

21. Leave the OUTPUT cable of the GENESCOPE connected to the converter grid 
(point F) and the VERTICAL INPUT cable connected across the video detector load 
resistor (point A). 

22. Set the SIGNAL switch to the OFF position. Set the F.M, GENERATOR RANGE 
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switch to A, F.M. ATTENUATOR switch to MAX. and potentiometer to 5, PHASING to 0, and 
BLANKING to OFF. Tune the F. M. Generator to approximately 23 me. on range A. 
A response curve of the i>'f system should appear on the oscilloscope. Adjust the 
F. M. ATTENUATORS and VERTICAL GAIN for a pattern of convenient height, keep- 
ing the F. M. ATTENUATORS set as low as possible. Adjust the PHASING control to 
superimpose the two traces. Readjust the tuning dial until the response pattern is 
centered on the trace. Readjust the F. M. SWEEP control until the pattern includes 
about two-thirds of the horizontal trace. Correct the PHASING control for superim- 
posed traces again. Rotate the BLANKING control to produce a base line through a 
single trace. 




PROPtRuy *.Ll6NtD IMPROPERLY M.ISNED iPPROPtRLY AUSNCO 

FIG. 8. PICTURE IF RESPONSE - STAGGER TUNED 

23. Compare the pattern with the one shown in the manufacturer's instructions. 
Figure 8 shows an example of an i-f response curve. If the system has been aligned 
properly, the pattern should resemble figure 8A. 

24. Turn the SIGNAL switch to UNMOD. R.F. and setthe logging scale of the A. M. 
Generator to the point for 22.3 me. A marker should appear on the pattern as shown on 
the left in figure 8 A, B, and C. Adjust the SIGNAL ATTENUATORS and the F. M. 
ATTENUATORS for the desired balance of signal strengths. If the marker is too 
strong, the curve will be distorted and itwill be difficult to measure its exact position 
on the pattern. 

25. Set the logging scale to the point recorded for 25.75 me. and check the position 
of the marker. It should appear at 50% of the maximum pattern height. Setting the 
marker frequency to the various points to which the system was adjusted will indicate 
the part of the response curve affected by each adjustment. Slight readjustment of the 
system may be performed at these points in order to produce a satisfactory response 
curve. However, if considerable adjustment is necessary, the entire alignment pro- 
cedure should be repeated. 

The foregoing paragraphs have dealt with the alignment of a stagger -tuned Video 
IF system. Ano^er system, knownas Band Pass IF,whichis used in many receivers, 
requires that the entire alignment be performed by use of the FM Generator. In this 
type of receiver the alignment begins with the last IF stage and proceeds back to the 
converter. A set of curves is furnished as a guide and it is only necessary to follow 
the sequence set up by the manufacturer's instructions using the curves to indicate 
the type of response to be expected. A set of such curves is shown in figure 9. 

To adjust band pass i-f, connect the VERTICAL INPUT cable to the video detector 
output and the OUTPUT cable to the grid of the last i-f amplifier stage. Set the P.M. 
GENERATOR RANGE switch to A and adjust the dial to 25 me. Set the F. M. ATTEN- 
UATORS to MAX. and 10, and adjust the VERTICAL GAIN, PHASING, and BLANKING 
controls for a single image pattern with satisfactory height. Set the A. M. GENER- 
ATOR RANGE switch to B and the SIGNAL switch to CAL. Record logging scale mark- 
ings for 22.6, 22.75, 23.25, 23.75, 24.25, 24.6, 25.75, 26.6, 26.75,27.0 and 27.1 meg- 
acycles. Set the SIGNAL switch to UNMOD. R.F. and the logging scale to the point re- 
corded for 27.1 me. Adjust the SIGNAL ATTENUATORS to the lowest settingwhich will 
give a satisfactory marker on the trace. Adjust the last i-f transformer primary and 
secondary for a single peak centered on the 27.1 me. marker. Set the A. M. Generator 



-IT- 



logging scale to the position for 23.25 me. Adjust the coupling condenser in the last 
i-f transformer for a peak centered at 23.25 me. The curve should now resemble 
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FIG. 9. PICTURE IF ALIGNMENT CURVES-BAND PASS TYPE 
Move the OUTPUT cable to the grid of the preceding stage. Adjust the secondary 
of this i-f transformer fora peak at 23.75 me. and the primaryfor a peak at 26.75 me. 
There is no coupling condenser adjustment for this stage. The curve should now re- 
semble figure 9B. 



Move the OUTPUT cable to the next preceding stage. Adjustthe primary and sec- 
ondary for a curve having the same shape and relative amplitude as that of figure 9C, 
Use the marker at the frequencies indicated: 22.75, 24.25, 25.75, and 27.0 me. 

Move the OUTPUT cable to the grid of the converter and adjust the primary, sec- 
ondary, and coupling condenser of the first i-f transformer for a curve having the same 
shape and relative amplitude as figure 9D. The check points indicated for marker use 
are 22.6, 23.75, 24.6, and 26.6 megacycles. 




FIG. 10. RESPONSE TOLERANCE-BAND PASS IF 
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Touch up adjustments are permissable to improve the over-all response curve. 
Be careful to select the adjustment which affects the part of the curve which needs 
correction. Figure 10 shows the acceptable limits of the over-all response curve with 
the amplitude at 24.0 me. for a reference point. Conduct the alignment to produce a 
curve which is within these tolerances. 

The last five paragraphs have delat with the alignment of an i-f response curve 
only. For trap adjustments, see steps 7 to 13 on page 15. The trapadjustments should 
be made in the order recommended by the receiver manufacturer, with the F. M. GEN- 
ERATOR RANGE switch in the OFF position and the SIGNAL switch in the MOD. R.F. 
position. Log the specified trap frequencies in advance. 

A third type of circuit u$es what is known as intercarrier i-f. The principle is to 
provide a mixer and oscillator to produce an intermediate frequency, and to amplify 
this i-f through several stages with a special frequency response characteristic; the 
band pass is sufficient to include both the sound and the video center frequencies, and 
the response nnaintains a desired relative amplitude between the two center frequencies. 
Then the beat of 4.5 me. between the two center frequencies is used to produce a double 
superheterodyne action with the sound frequency modulated on the 4.5 me. carrier. 
The sound i-f (usually one stage), tuned to 4.5 me., amplifies the sound signal and sends 
it to an f-m demodulator of any type desired by the manufacturer. It is important to 
follow the alignment data indicated in the manufacturer's literature because he has en- 
gineered a circuit which requires specific response characteristics and no general- 
ization could represent the large variety of possibilities. The receiver nr\anufacturer's 
literature will indicate where the test points are located, what frequency to use for each 
input, what adjustment can be nnade, and the resulting response wave shape. Set up 
the GENESCOPE in accordance with the general instructions. Use the 60 cycle sweep 
in the oscilloscope and observe the response curve in phase with the frequency mod- 
ulating signal. 

Sometimes during alignment it is desirable to have two markers at different fre- 
quencies on the response curve at the same time. A second signal generator, unmod- 
ulated, is necessary, tunable to the frequency at which the nnarker is desired. The 
second generator can be calibrated with the accuracy of the GENESCOPE and should 
be as stable as possible. To calibrate the second generator, set up the GENESCOPE 
for its normal alignment procedure, with the OUTPUT cable feeding the signal into’ a 
receiver and the receiver output connected to the VERTICAL INPUT cable. Establish 
the marker on the response curve at the frequency to which the second generator will 
be tune. Then couple the second signal generator output across the termination box 
or in any other convenient way to the receiver input. Sometimes the mere presence 
of the second generator on the test bench will provide sufficient coupling without any 
direct connections. Now tune the second signal generator for a beat indication with the 
marker from the accurately calibrated A. M. Generator in the GENESCOPE. Tune 
the second generator for a zero beat indication of the two nnarkers. Then change the 
setting of the GENESCOPE A.M. Generator to provide the second nr^arker frequency. 
Both markers will show on the single response curve. 



F-M RECEIVER ALIGNMENT 

The order of f-m alignment usually begins with the discriminator adjustment; the 
i-f section is next and the r-f sectionis last. If the receiver manufacturer recommends 
some other sequence, use his suggestions rather than these general instructions. The 
information in the following paragraphs is for the sound section of a television receiver, 
but the same principles apply to f-m receivers except that their intermediate frequencies 
are usually lower. 
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FIG. II. TYPICAL TV SOUND l-F SYSTEM 



Figure 11 is the schematic diagram of atypical sound i-f system composed of three 
i»f amplifier stages and a discriminator. The third i-f stage acts as a limiter to reduce 
the effects of amplitude modulations. 

1. Connect the GENESCOPE OUTPUT cable between point ”C " of figure 11 and 
ground. Use a 75 ohm, 300 ohm, or open termination as desired. See table Z for data 
on the termination connections. Use the series condenser (do not jumper terminals 1 
and 6). 

2. Connectthe VERTICAL INPUT cable between point "A " of figure 11 and ground. 

3. Set the F.M. ATTENUATOR switch to MAX and the potentiometer to 10, F.M. 
SWEEP to 1, PHASING to 0, BLANKING to OFF. F.M. GENERATOR RANGE to A , and 
CENTER FREQUENCY dial pointer to 21.25 me. (the intermediate frequency). 

4. Set the VERTICAL SENS, switch to HIGH, VERTICAL GAIN to 0. FUNCTION to 
60«^ SWEEP, and the other oscilloscope controls for a clear bright trace about two 
inches long, centered horizontally and vertically. 

5. Advance. VERTICAL GAIN until the pattern is about one inch high. The pattern 
will be two S-shaped response curves. Adjust the PHASING control to bring the curves 




FIG. 12. DISCRIMINATOR RESPONSE - IN PHASE - BLANKING OFF 



6. Adjust F.M. SWEEP so the response curve covers most of the horizontal trace 
as shown in figure 12. Readjust the PHASING if the traces are not superimposed. If 
the response curve is not centered onthe trace, reset the CENTER FREQUENCY pointer 
to center the pattern. Advance the BLANKING control to produce a pattern as shown 
in figure 13; a single curve with a base line through it. 
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FIG. 13. DISCRIMINATOR RESPONSE - BLANKING ADJUSTED 



7. Reduce the F.M. ATTENUATORS and advance the VERTICAL GAIN for the lowest 

attenuator setting which gives a satisfactory pattern. 

8. Set the SIGNAL switch to CAL., A.M. GENERATOR RANGE to B, SIGNAL ATT- 
ENUATORS to a low setting, and adjust the frequencyto exactly 31.25 me. (see CALI- 
BRATION PROCEDURES, page 9 ). 



9. Turn the SIGNAL switch to MOD. R.F. A pattern similar to figure 14 will appear 
on the oscilloscope if the discriminator secondary is not aligned perfectly. Reduce the 
SIGNAL ATTENUATORS to as low a setting as possible with the 400 cycle pattern still 
showing. 




FIG. 14. DISCRIMINATOR RESPONSE - 400 CYCLE MODULATION 

10. Adjust the discriminator secondary (L9 in figure 11) until the 400 cycle pattern 
disappears and then reappears if the adjustmentis continued in the same direction. Be 
su?;e to make this adjustment to the exact null point with the SIGNAL ATTENUATORS 
set low to avoid a broad response due to a high signal amplitude. 

11. Adjust the discriminator primary (L8 in figure 11) until a maximum amplitude 
symmetrical pattern is achieved as shown in figure 13. Reduce the F.M. ATTEN- 
UATORS as the amplitude of the curve increases. Recheck the secondary adjustment 
if the 400 cycle pattern re-appears. 

12. Move the OUTPUT cable to the grid of the next preceding stage (point D in fig - 
ure 11). 

13. Move the VERTICAL INPUT to the grid of the limiter (point C in figure 11). 

14. TurntheSIGNALswitchtoUNMOD.R.F.andadjusttheF.M.and SIGNAL ATTEN- 
UATORS to obtain an i-f response curve similar to figure 15. The curve may be dis- 
torted until the next adjustment has been made. 
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15. Adjust L7 and L6 of figure 11 for a symmetrical response of maximum height 
similar to figure 15. The marker shouldappear at the center. Keep the F. M. ATTEN- 
UATORS set as low as possible to avoid overloading and keep the SIGNAL ATTEN- 
UATORS low to avoid distortion of the response curve at the marker point. 

16. Connect the OUTPUT cable to the grid of the next preceding stage (point E of 
figure 11). Adjust L5 and L4 for asymmetrical response curve of maximum height as 
in step 1 5 above. 

The sound adjustment is now complete. Adjustment of L2 and L3 was made during 
the video i-f alignment. However, if this were an f-m receiver instead of a television 
receiver, L2 and L3 would be adjusted to the receiver intermediate freauency ip the 
same manner as the preceding adjustments with the OUTPUT cable coupled to the con- 
verter grid. As the alignment proceeds from the discriminator back to the converter, 
the width of the response curve will decrease since the selectivity of the entire ampli- 
fier is greater than that of any one stage. If the response curve becomes too small, re- 
duce the F.M. SWEEP. Any change in sweep width will require re-adjustment of the 
PHASING control. Adjust the PHASING control with BLANKING at OFF. 

If a check of the band pass of the i-f system is desired, connect the OUTPUT cable 
to the grid of the converter and move the marker (with the A.M. Generator) from one 
side of the response curve to the other. 




FiG. 16. IF BAND PASS MEASUREMENT 



The band pass of a resonant circuit is usually taken between the 70% response 
points. See figure 16. To checktheband passofthe i-f system, set the A.M. Generator 
tuning knob to place the nnarker on the response curve at the 70% point on one side of 
the curve. Record the setting of the logging scale. Then move the n»rker to the 70% 
point on the opposite side of the response curve and record the logging scale setting. 
Translate the logging scale settings to frequencies as explained in CALIBRATION PRO- 
CEDURE. Use the following formula: 
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where 


Ft 


9 


frequency difference between the desired 
frequency and a crystal check point, 




Fz 


g 


frequency difference between two crystal 
check points surrounding the desired frequency. 




Dl 




logging scale divisions between the desired 
frequency setting and the same crystal check 
point (see Fi above), 


and 


DZ 


9 


logging scale divisions between the same two 
crystal check points (see F 2 above). 


Then subtract 


the 


lower 


frequency from the higher for the band of frequencies 



"passed". However , if such accuracy is not required, read the frequencies directly 
from the appropriate range on the A.M. Generator dial. 



TELEVISION TUNER ALIGNMENT 



Many of the present day television sets use an r-f tuning unit produced by Standard 
Coil Products Co. This unit contains a 12-position rotary channel selector together 
with a stage of r-f amplification, an r-f oscillator, and an r-f mixer. The components 
are matched for the purpose of transferring the modulation on the tuned signal to an 
intermediate frequency. The various receiver manufacturers who use this tuner have 
used slightly different center intermediate frequencies, and some have used separate 
i-f strips for sound and video, while others have used intercarrier i-f amplification. 
The tuner canbe adjusted to produce whatever output the manufacturer requires for his 
circuit, and manufacturer's literature will indicate the center frequency and the wave 
form required for servicing his equipment. 
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Admiral Corporation, for an example, uses the Standard Coil Products tuner dia- 
grammed in figure 17A in their 21B1, 21C1, and 5D2 chassis. It is adjusted to tune, 
in the r-f amplifier, a double peaked curve with the center frequencies of the sound 
carrier and the video carrier at the peaks and not more than 30% reduction in response 
to frequencies within this 4.5 me. range. Then the intermediate frequency output is 
balanced so that after it has passed through the i-f amplifiers, the center video carrier 
is on one slope of the curve at a 50% response point, and the center sound carrier is on 
the other side of the curve at a 5% response point. The same pair of wave shapes need 
to be produced for each of the 12 channels. Each channel has a pair of tuned circuits 
with switch points which make all the necessary connections to tune both the received 
signal and the local oscillator for the frequencies necessary for the channel. The tuning 
problem consists of adjusting slugs for each of the 12 bands which insure that the max- 
imum signal strength, with proper amplitude proportions for its componentfrequencies, 
will come out of the mixer. 



In general, the manufacturer will specify an input across the antenna terminals at 
the center frequency of the channel, frequency modulated through a range of 10 mega- 
cycles or more, and marked at the video carrier frequency and the sound carrier fre- 
quency. Use the OUTPUT cable for this connection and set the termination box for the 
characteristic impedance of the. antenna terminals (see table 2). Connect the VERT- 
ICAL INPUT cable at the r-f test point on top of the tuner chassis between the two 
tubes. The circuit position for this test point shows in figure 17A and B. Adjust the 
r-f stage tuning. Then move the VERTICAL INPUT cable to the next specified check 
point (probably in the i-f amplifier) and adjust the oscillator tuning for the specified 
response curve. 
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F. M. TUNER ALIGNMENT 

Frequency modulation receivers have thefollowing sections: r-f tuner, oscillator, 
mixer, i-f amplifier, limiter, discriminator, and a-f amplifier. The procedure for 
aligning the i-f amplifier, limiter, and discriminator is identical to the procedure for 
the sound section of a television receiver except that the intermediate frequency for 
f-m receivers is usually 10.7 me. See pages 20 to 22 for this data. 

The general type of instructions for adjustmentof the r-f tuner, oscillator, and mixer 
can be outlined but the exact and complete procedure will vary from one manufacturer to 
another. Most receivers have provision for adjustment near the high end of the dial 
(lOSmc.). Some have a low frequency adjustment in addition. It is advisable to con- 
sult manufacturer’s literature to obtain recommended frequency or frequencies. 

1. Connect the VERTICAL INPUT cable across the outputof the demodulator stage 
(point ”A " in figure 11). 

2. Connect the OUTPUT cable through its matching network to the antenna term- 
inals of the receiver. Connect the termination box according to the data in table 2 to 
provide the correct input for the receiver. Manufacturer’s instructions should indicate 
whether this is 75 ohms or 300 ohms. 

3. Set the A.M. GENERATOR to the frequency recommended for alignment. Set 
the receiver dial to the same frequency. 

4. Rotate the SIGNAL switch to MOD. R.F. and adjust the SIGNAL ATTENUATORS, 
F.M. ATTENUATORS, and VERTICAL GAIN for a 400 cycle pattern with satisfactory 
height. 

5. Adjust the oscillator, mixer, and r-f trimmers of the receiver to obtain a max- 
imum amplitude pattern. Keep the SIGNAL and F.M. ATTENUATORS as low as poss- 
ible, but keep a usable pattern on the cathode ray tube. 

An alternate to the above method uses a frequency modulated signal input to the 
antenna, with a marker signal setat the desired frequency. Adjust the oscillator , mixer, 
and r-f trimmers of the receiver for a symmetrical response curve with a nnaximum 
amplitude and with the marker centered on the curve. 

Note that these instructions are very general. They are intended as a theoretical 
idea of alignment only. Always consult the receiver manufacturer's instructions for 
specific directions when aligning his sets and follow them. However, the oscilloscope 
section of the GENESCOPE can be used to advantage in place of, or in addition to, a 
vacuum tube voltmeter. The oscilloscope will identify the shape of the wave form as 
well as its amplitude. 




FIG. 19. IMPEDANCE MATCHING OUTPUT CABLE 
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TABLE 2. TERMINATION BOX CONNECTIONS 



TERMINATION 


CONNECTIONS 


300 OHMS 




JUMPER 3*4 


300 OHM WITH PAD* 


JUMPER 


JUMPER S-* 


7S OHMS 


JUMPER O-T-S-O-S 


JUMPER 2—3-4 


7S OHM WITH PAD* 


JUMPER «-7 JUMPER 2 


-3—0 JUMPER 3-0 


OPEN TERMINATION 


JUMPER 2-3-4 


JUMPER E-T-t-S 


SERIES CAPACITOR 




USE IN ADDITION TO 


RESISTANCE COUPUINO, 


JUMPER l-« 


TERMINATIONS INOICATSD 


NO SERIES CAPACITOR 




ASOVE. 



«ThC ult 6r A PAO ^ROVtOKS IMOQHMS IN •ERIKS WITH EACH SIOEOF THC I.INC 



USING OUTPUT CABLE TERMINATION BOX 

In order to simulate actual operating conditions, it is important that the receiver 
input impedance and the generator output impedance are matched. The OUTPUT cable 
for the GENESCOPE has a termination box built on the probe end to facilitate matching 
these impedances. See figure 19 and table 2 for an outline drawing of the probe and some 
of the possible connections. The two most commonly used impedances for receiver in- 
puts are 75 ohms and 300 ohms. These are both available, with or without an isolating 
pad, by simply connecting bare wire jumpers as indicated in table 2. In each case except 
open termination, the connections are set to provide a 75 ohm termination for the 
GENESCOPE output because this value is proper for its output characteristics. Use 
of the pad provides isolation between the output of the GENESCOPE and the receiver 
points to which it is connected. If a series capacitor of 2000 uuf is desired in series 
with the receiver input for d-c blocking, do not jumper terminals 1 and 6, but if a 
straight resistance coupling is desired, jumper these terminals to short the capacitor 
which is built into the termination box. An open termination is provided for optional 
use: when using this connection, the GENESCOPE output is not impedance matched, 
but each side of the output is connected straight through (with the series capacitor if 
desired) to the two sides of the receiver input. 

When operating in the new intermediate frequency range around 45 me., the term- 
ination box may cause distortion of the response wave form. For best results, change 
the termination box connections as follows: 

1. Pull the alligator clip off the post on the end of the termination box near 
screw terminal number I. 

2. Cut two pieces of solid bare jumper wire, #20 or 22, 1-3/4 inches long and 
one piece 1 inch long. 

3. Loosen screws 2, 3, and 4, and place one 1-3/4 "wire under them so that it is 
straight between the screws and then bends around screw number 2 with about l/2 inch 
extending beyond the side of the termination box. Tighten the screws. This will be the 
ground lead. 

4. Loosen screws 6, 7, 8, and 9. Place the other 1-3/4" wire under these 
screws. Keep the wire straight and tighten the screws. 

5. Loosen screw number I and place one end of the l"wire under it. With the 
wire extending off the side of the termination box, tighten the screw. This will be the 
"hot "lead. 

6. Solder the "hot" lead to the connection point of the receiver and the ground 
lead to the chassis or receiver ground. 

This provides an open termination for the cable, with the 2000 uuf capacitor in series. 
It is important to keep the leads of the probe very short to obtain efficient operation. 

An alternate method of handlingthis problem is to make up a special output cable to 
use for 45 me. An Amphenol type SOM cable connector, about 3 feet of RG-59/U cable, 
and a 1000 uuf or 2000 uuf ceramic capacitor are all the required parts. Attach the 
connector on one end of the cable and solder one lead of the capacitor (clip the lead 
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short) to the center conductor at the other end of the cable. Solder the other capacitor 
lead to the connection point in the receiver and the cable shield to the chassis or re- 
ceiver ground. 

A special OUTPUT cable assembly, Simpson part number 10-830046, for use at 45 
me., is now available as an accessory to owners of the GENESCOPE. 

Should other combinations be desired, they may be obtained by using resistors be- 
tween the terminals rather than using jumper wires. Suppose 150 ohms were desired. 
Connect a jumper across terminals 5 and 9 to provide the proper termination for the 
Model 479. Then connect a 75 ohm resistor from terminal 6 to terminal 7, a jumper 
from 7 to 8 to 9, a jumper from 3 to 4, and a 50 ohm resistor between terminals 2 and 
3. If a pad is desired, leave the jumpers off of terminals 7-8-9 and terminals 3-4 and 
put in a jumper between terminals 3 and 8. Unlimited possibilities of terminations can 
be produced by this method of combining the resistances inside the termination box with 
external resistance. 



tzo 







FIG. 20. SCHEMATIC OF THE HIGH FREQUENCY PROBE 



SIGNAL TRACING 

Figure 20 shows the arrangementof components in the high frequency probe. Con- 
nect this probe to the VERTICAL INPUT of the oscilloscope to trace the signal through 
an f-m or television receiver. The probe is essentially a high frequency detector and it 
may be used to pick up the modulation on the signal from any part of the system where 
high frequencies exist. 

To trace a signal through the sound channels of a television receiver or through an 
f-m receiver, connect the OUTPUT cable to the antenna terminals of the receiver and 
set the A.M. GENERATOR to the sound carrier frequency of the channel to which the 
receiver is tuned. Rotate the SIGNAL switch to MOD. R.F. Connect the high frequency 
probe cable to the VERTICAL INPUT jack and the ground lead to the receiver chassis. 
Starting at the grid of the converter, the signal may be picked up at each successive 
grid and plate through the i-f system. The 400 cycle modulation pattern should increase 
in amplitude as each successive stage is checked. 

In a television receiver, the picture system nnay be traced in the same manner. Set 
the A.M. Generator to the picture carrier frequency and the SIGNAL switch to MOD. R.F. 
for this test. Trace the signal from the grid of the converter tube through the video i-f 
amplifiers, noting the increase in amplitude of the 400 cycle modulation pattern as each 
successive stage is checked. 

Any single stage may be checked by connecting the OUTPUT cable across the input 
of the stage with the A.M. Generator set to the proper frequency for the stage. Contact 
the output of the stage with the high frequency probe. 
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TESTING THE AUDIO AMPLIFIER 

The GENESCOPE contains a 400 cycle audio oscillator which can be used to test 
the audio amplitier section of a receiver. Set the SIGNAL switch at AUDIO. Use the 
OUTPUT cable and the SIGNAL ATTENUATORS. This feature is of special value when 
tests of the audio amplifier alone are desired. 

To test the audio amplifier , connect the OUTPUT cable across the discriminator or 
detector output. Turn the volume control of the receiver to its full on position. With 
the SIGNAL switch in the AUDIO position and the SIGNAL ATTENUATORS and VERT- 
ICAL GAIN set for a satisfactory oscilloscope indication, connect the VERTICAL IN- 
PUT cable across the various points to be checked from the demodulator back to the 
speaker. Note the increase in signal strength as each successive stage is checked. 
Watch for distortion of the sine wave. Set the SIGNAL ATTENUATORS as low as poss- 
ible to prevent overloading the vertical amplifier of the oscilloscope since this would 
give a false indication of distortion in the receiver. 

For the best indicationof the 400 cycle sine wave , set the FUNCTION switch at INT. 
SYNC., the SWEEP RANGE to 75-350/%/, and the RANGE FREQUENCY and SYNC .to 
positions which will show three or four cycles of the sine wave in a steady position. 



CHECKIH6 VIDEO AND SYNCHRONIZING WAVE FORMS IN A TELEVISION RECEIVER 

Ktg: th* folloving is reprintad from K^io Service Dealer, this paper, bySamuel Marshall, Mamging tditor, ia 
an excellent example of th« practical Oippiieation of Cathode Jtay Oscilloscope to faiovision 5«rviee. 

Speed in servicing depends on how quickly a radiomatn can recognize the symptoas 
that appear or occur in defective receivers. These synptons appeal to all of our 
five senses, namely of sight, smell, touch, taste, and hearing. 

Thus a receiver that hums affects our sense of hearing, and generally indicates 
to us, because of previous similar experiences, an open filter. In the same manner, 
a receiver that has a tarry odor affects our sense of smell and usually indicates a 
defective power transformer. We can go on enumerating case after case of defects 
occurring in recei vers» • each one producing its own particular symptom--and each 
symptom revealing to us where the trouble lies. 

Now, this process is nothing more than an application of the natural laws of 
memory, particularly those referring to cause and effect, except that in radio re- 
pairing we first observe the effect, on the basis of which we can generally guess 
the cause. Naturally, the more experience we have, the easier it becomes for us to 
connect certain effects and their causes. 

All this is particularly true in television work. Being a comparatively new 
development, very few men have been able to build up a stockpile of TV experiences 
which would enable them to tell at a moment’s glance what is wrong with a particular 
receiver. For this reason the sincere technician, the fellow who really wants to 
make a career of television, must do two things, and do them quickly. First, he 
must find out all there is to know about television, both theoretically and prac- 
tically. Second, he must learn how to use and apply all of the different types of 
test instruments necessary in the testing and adjusting of TV receivers. Naturally, 
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at the frequeociea conteiaed within the chennel to which it is assigned. Thus a 
station assigned to channel 2 contains carrier and sideband frequencies between 54 
and 60 negacycles. 

Fig. 22 shows a wore detailed view of the front end and the waveshapes asso* 
ciated with it. Notice the waveshapes of the incoaing signal at A and the converted 




FIG. 22 AM AMD FM MAVESBAPES 



output signal waveshapes at B sad C. At A the incoaing signal contains two carriers 
and their sidebands, the FM and the video. Notice that the FM wsveshape has a con- 
stant aaplitude and a varying frequency. Ob the other hand the video wsveshape has 
a varying aaplitude and a constant carrier frequency. 

An interesting point with respect to the video waveshape is that all synch 
pulses reach the aaie aaplitude. Ihe video portion of the signal, on the other hand, 
varies in aaplitude according to negative transaission principles, that is, bright 
scenes have a low aaplitude and dark scenes a high aaplitude. 

In the converted signal both FM and video signals have new carrier frequencies, 
the values of which are the i-f frequencies of the receiver. These frequencies 
being lower than the r-f, the wavelengths are wider as can be readily seen in the 
figure. 

The FM section in aost TV receivers is conventional and differs only froa that 




FIG. 23 VIDEO I.F. DET. VAVESBAPES 

in an ordinary FM receiver by the aaxiaua deviation frequency being 25 kc instead of 
75 kc which is standard for FM. We will not elaborate on the FM section of the 
receiver for this reason. 

Betuming nowtoFig. 21 we notice that the video output of the front end enters 
the video i-f section at C This section is priaarily concerned with the video pic- 
ture signal and corresponds to the i-f section of a broadcast receiver. The output 
of this section feeds into a video detector. Fig. 23 illustrates these sections in 
greater detail. 
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Hie i>f sectioD contains the variona Tideo i>f aaplifiera and sound traps. Ihe 
signal entering this section is the video i-f coaing out of the aixer. Ihe signal 
leaving the section at point E is the detected video output which contains the de- 
modulated video picture signal and synch pulses. 




FIG. 34 VIDEO AMPLIFIER WAVESHAPES 

Referring again to Fig, 21 we notice that the detected video and synch signal 
is fed into a fourth section which contains the video amplifier stage or stages, and 
the d-c restorer. The output of this section at point F divides into two paths, the 
first leading into the picture tube idiere the video and synch signal is converted 
into corresponding light variations, and the second into the horisontal and vertical 
synch amplifier and sweep sections. These will be discussed shortly in greater 
detail. 

Fig. 24 illustrates the input and output waveforms of the video amplifier. 
Notice that the input, signal curve (a) is essentially alternating current and that 
the picture phase, in this case, is negative. A negative picture phase simply means 
that bright scenes drive the signal negative and dark scenes drive it positive. The 
output of the video amplifier, if connected directly to the grid of the cathode ray 
tube must have a positive picture phase, or one in which the bright scenes drive the 
signal positive. This is ^own in curve .(b). Observe that the signal is still a.c. 

In curve (c) we observe that the signal is no longer a.c. but a pulsating d.c. , 
sod that the synch pulses drive the beam current in the picture tube to cut-off. 
This is accomplished by the d-c restorer circuit. 

SYNCH CIRCUITS 

As mentioned previously the output of the video amplifier divides into two 
paths. We have just completed a discussion of the action along the first path. The 
second path which we will now discuss is concerned with the video and synch signal 
as it proceeds through a string of horisontal and vertical synch circuits. 
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FIG. 25 STMCB CIRCUIT VAVHFORiS 
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We again refer to Fig. 21 and observe that a portion of the video signal at 
F is fed into the synch section. Notice that the output of this section is fed into 
Separate vertical and horizontal circuits at H and I. 

We now refer to Fig. 2S for a sore detailed explanation of this circuit. 

Contained in this section we find a nuaber of different types of circuits. The 
first is a synch aaplifier. Ihe second is a synch separator or clipper, the purpose 
of which is to reproduce the synch pulses in the output circuit and at the saae tiae 
to attenuate all video picture coaponents. Its effect can be coapared to a peak 
voltage operating device. 

The output of the synch separator is fed into a second aaplifier which contains 
an integrator circuit for the passage of the vertical pulses and the attenuation of 
the horizontal; and a differentiator for the passage of the horizontal pulses and 
the attenuation of the vertical. 

Now, we have assused a certain sequence of circuits in our explanation which is 
not necessarily followed in all receivers. However, for purposes of explanation we 
have chosen this particular sequence with the understanding that of course soae 
variations fron it do exist. 

Referring again to Fig. 2S again we notice that at F the signal input shown in 
(a) contains synch pulses and video picture energy. As explained previbusly, the 
video picture coaponent is reaoved by the clipper. This action coabined with the 
action of the integrating circuit results in a pure vertical pulse appearing at H. 
Likewise, the clipper action coabined with the action of the differentiating circuit 
results in a pure horizontal pulse appearing at I. These pulses are shown in wave* 
shapes (b) and (c) respectively. 

We are now ready to trigger the oscillators which are located in the next sec- 
tion. Referring again to Fig. 21 it can be seen that the output of the vertical in- 
tegrating circuit at H feeds into the vertical oscillator and output section. The 
output of this section, shown at J, in turn feeds into the vertical deflecting coils 
of the picture tube. 

We can now refer to Fig, 26. Here we have a aore detailed view of the vertical 
sweep section. The action that takes place here begins with the signal pulse which 







FIG. 26 VERTICAL SYMCH VA7EF0RMS 

triggers or discharges the vertical oscillator which operates at a frequency ap- 
proximately equal to that of the incoming pulse. The latter makes this frequency 
exact with respect to the station being received. The output of the oscillator is 
fed into a suitable RC discharge circuit which develops the correct waveform re- 
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quired at this point. This signal is then fed into sn oatpat tnbe, the plate cir- 
cuit of which is connected to the priaary of a step-down transforaer. The secondary 
of this transforaer connects across the vertical deflecting coils of the picture 
tube. 

DEFLECTING COIL NAVEFORH 

At this point is Bust be reaeabered that in an electroaagnetically deflected 
cathode ray tube the electron atreaa is deflected by the current in the coil. Hius, 
a saw-tooth current wavefora in a deflecting coil will result in s linear sweep of 
the bean. 

Referring again to Fig. 26, notice the different types of wsveshapes that are 
developed in this section. In waveshape (b) which appears at the output of the dis- 
charge circuit we have a coabination wave produced by the saw-tooth action of a con- 
denser and the instantaneous action of a resistor. This type of wave is necessary 
in order to produce the voltage waveshape (c) across the vertical deflecting coils. 
It is in this Banner that the effects of both resistance and inductance are taken 
into consideration in producing the required saw-tooth current wave through the 
coils. 



We are now ready to proceed into the next section, which is the horixontal 
sweep unit. Again we refer to Fig. 21 in order to identify its position in the 
over-all layout of the receiver. Notice that the output of the horitontal differ- 
entiator circuit feeds into the horizontal sweep section at point I. 



Referring now to Fig. 27 we notice that this section contains circuits which 
are almost identical with those found in the vertical sweep section. The first 
point of sinilarity is the oscillator. The inconing horizontal pulses trigger this 
oscillator to the exact frequency of the station being received. The output of the 
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FIG, 27 BORIZOHTAL SYBCB BAVBFORMS 

oscillator is then fed into a horizontal discharge circuit where the proper wave- 
shape of the signal is developed. This wave is then fed into a horizontal output 
tube. Connected between this tube and the horizontal deflecting coils we find, as 
in the vertical circuit, an iapedance Batching transforBer which transfers the energy 
from the plate circuit of the horizontal output tube to the horizontal deflecting 
coils of the picture tube. 



In this figure we discover an additional circuit which is not present in the 
vertical section. This circuit, called a daaper, contains a rectifier tube, the 
purpose of which is to damp out the high-frequency, high-voltage transients that 
are induced in the secondary winding of the horizontal transforner during a portion 
of the retrace period. 
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Reaeaber that the horizo&tal trace frequency ia pretty hiRh-*15,7S0 cyclea 
per aecood; but the retrace frequency ia auch higher--aronnd 75,000 cyclea per 
aecond. For thia reaaon the order of aagnitode of the roltagea induced ia pretty 
high, in the order of aany thouaand volta. During a portion of thia retrace period 
the horizontal daaper tube ia conductive and preventa theae tranaienta froa diarupt- 
ing the aveep cycle. Notice the wave ahapea that appear in thia aection. Waveahape 
\ •) is the palie that ia injected into the horiiontal oacillatore VaTeahape (b) ia 
the coabination wave produced at the output of the diacbarge tube. Waveahape (c) ia 
the flattop voltage wave appearing acroaa the horizontal deflecting coila. Reneaber 
that a flattop voltage aave producea a aawtooth current wave in a eirpuit which ia 
predoainan tly inductive. 

To tboae who aight be a little puzzled at the reaaon for thia atateaent we 
refer to the foraula abown at the right aide of the i llnatration . Thia formula 
atatea that the induced voltage acroaa an inductor ia proportional to the inductance 
in henrya and the rate of change of current in the coil. If the voltage reaaina 
eonatant, and the inductance ia conatant, thia rate of change of current alao re- 
naina conatant. A current in which the rate of change ia conatant ia linear and 
therefore a aawtooth. 

The following paragraphs will deal with the practical methoda that nay be em- 
ployed in order to observe the waveforms just diacuazed. 

In order to become familiar with the general procedures of theae teats it ia 
beat to tune in a atation pattern under normal operating conditions. A pattern of 
thia type results in a conatant video si^ial and lends itself readily to easy inter 
p rotation. 

INITIAL TEST POINT 

The moat convenient initial point of measurement ia the output of the aecond 
detector. Tlie reason for this choice ia that the signal voltage at thia point i* 1 
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FIG. 28 VA7EF0RMS. BORIZOMTAL AMD FEFTICAL OBTAIFED AT DETECTOR OUTPUT 
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or 2 volts, sad leads itself to good observstioas oo so oscilloscope. Beaeaber tbst 
we sre priasrily concerned with aessuring end observing the video pictnre signal 
and the synch pnlses, and that these are first observable in their deaodulated foras 
St the outpnt of the second detector. 

Fig. 28 at bottoB of previons page illastrates a coabined video signal and ver* 
tical synch pulse obtained at the detector output. Ibe sweep frequency of the CRO 
has been set at 30 cycles in order to perait two of these pulses to appear on the 
screen. The partial circuit diagroa on the left illustrates the test points for 
this test. This corresponds to point E on the block diagroa. See Fig. 21. 

To Bake this test a connection is aade between the detector output end the ver- 
tical input connection on the CRO. Another connection is then aade between the 
ground connections of the receiver and the oscilloscope. The detector output con- 
nection any be taken off at either side of the coupling condenser, C, whichever is 
Boat convenient. The receiver output is adjusted to its optiaun level, thereby re- 
quiring a ainiaua setting of the vertical gain control on the scope. This will re- 
sult in Bore accurate and satisfactory patterns. 

Notice the oaplitude A of the conbined synch pulse and signal os coapared with 
the signal aaplitude itself shown as B. The aiddle line at B, represents the blank- 
ing level, and the height above this level--(io the slide this occurs below the 
blanking level because of the reversed phase of the pattem)--is the region called 
"blacker-than-blsck. " 

The blanking level should be 75% of the total height. A, according to PCC 
standards. 



Shown in the lover right hand side of this illustration ere the horisontal 
synch pulses and the sssocitate picture signal. The saae test point is used. How- 
ever, the sweep frequency of the CRO is now adjusted to one-half the incoaing hori- 
S'ontal synch pulse frequency. This is 15,750 divided by 2, or 7,875 cycles. 
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FIG. 29 BOBIZOFTAL AMD YBRTICAL PULSES OBTAIKED AT tST VIDEO AMPLIFIER 

Figure 29 shows the vertical and horisontal poises at the output of the first 
video amplifier. Notice that the phase has been reversed 160^ which is character- 
istic of vacuua tube action. The aaplitude of the signal at this point is about 16 
volts. Varying the gain of the receiver by neons of the contrast control will pro- 
duce corresponding variations in the hei^t of the pattern. 
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Ai ill the previoas test, the sweep of the CBO is sdjaBted to portrey teo pulses. 
The test poiot asy be asde oo either side of the coopliug condenser, C, shown in the 
psrtisl scheastic st-the left of the slide. Ihe probe connection of the scope any 
be brought to the piste side of the coupling condenser if sn isolating condenser is 
located in series with the Terticsl input terainsl; and it usually is. 



Proceeding now to the output of the final video stage, as shown in Fig. 30, we 
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FIG, 30 BORIZOHTAL AMD VERTICAL FOLSES OBTAIMSD AT VIDEO OUTPUT TUBE 

notice that the phase for both borisontal and vertical plates is again reversed, 
and that the amplitudes of the signal are considerably increased. In this case it 
is 45 volts. This output is fed directly into the grid of the CUT, and as previously 
pointed out, represents a positive picture phase. 



SYNCH CIRCUIT SECTION 

A portion of the video signal is taken off the d*c restorer at the 6AL5 plate 
connection No. 2. The signal at this point, containing both video and synch conpo> 
nents, with the video sonewhst reduced, is fed into the first synch aaplifier at a 
negative synch phase, or what amounts to the sane thing, a positive picture phase. 

This is shown in Fig. 31. The operating characteristics of this circuit re- 
sult in a reduction of pulses doe to noise and other interfering signals. The 
amplitude of the signal at the grid of the first synch amplifier is about one- fourth 
that of the output at the plate of the final video amplifier. This is due to the 
signal being taken off a point on a voltage divider connected across this circuit. 

Fig. 32 shows the horisontal and vertical pulses as they appear at the grid 
of the synch clipper or separator. Notice that the amplitude at this point is 60 
volts, and that the signal still contains considerable picture components, Also, the 
signal now has a negative picture phase, or a positive synch phase. 
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PMTIAL BLOCK DIAGRAM 



FIG. 31 PULSES OBTAIMED AT 1ST SYKCS AMPLIFIER OM BITBSR SIDE OF C 

We now shift our take*off point to the output circuit of this tube, as sboai in 
Fiff. 33. Obserre that the picture signal has now been conpletely eliaiaatedf and 
that only the synch pulses reaain. Hie aaplitude of these pulses at this point is 
60 volts, and the synch phase is now negative. 



The action in this circuit that produces this clipping of the picture signal 
results froa the following: 
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FIG. 32 PULSES OBTAIMED AT IMPOT OF 6SB1 SYMCB SSPARATER. MOTE MAVEFORMS 
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FIG. 33 B0RI2OMTAL AMD VERTICAL FOLSES OBTAIMED A1 3RD SYMCB AMP. IMPUT 

1. Th« picture eigoel et the grid of the tube has a negative polarity. 

2. The operating voltages on the tube are each that all negative portions of 
the signal are cut off. 



Since the polarity of the video or picture portion of the signal is negative, 
and since all negative portions of the signal are clipped off, only the synch pulses 
reaain. 



The next test point is the plate of the third synch amplifier. The polarity of 
the synch signal at the grid of this tube is now negative. At the plate it becoaes 
positive. The coaplete change taking place in the synch signal polarity in the 
three stages of the synch aaplifiers is shown in Fig. 3A. Here we see a negative 
synch pulse entering the grid of the first synch asiplifier, and, after going through 
three coaplete 180® phase reversals, eaerging froM the last stage with a positive 
polari ty. 
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SYNCH SIGNAL PHASE REVERSALS IN SYNCH AMPLIFIER SECTION 

FIG. 34 SIGMAL PBASE IS REVERSED 180^ AS IT PASSES TBROOGB EACB TUBE 
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Thia last aynch tube, which ia one half of a duo-triode, operatea at low 
enough potentials so that an 80 rolt signal applied to the grid drives the tube 
beyond cut>off passing only the peaks of the signal. Hiis results in mi additional 
clipping action, thereby further reducing noise and other interfering pulses. 

INTEGRATING CIRCUIT 



Hie anplitude at the output of this tube, which is shown as point 1 in Fig. 35 
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FIG. 35 VAVEFORMS OBTAINED AT HORIZONTAL AND VERTICAL SEPARATION POINTS 

is 30 volts. The synch pulse phase is positive, and we are now in a position to 
inject this signal into the horizontal and vertical blocking oscillators for pur- 
poses of triggering then to the exact frequency of the inconing station pulses. 



The signal at the output of the final synch anplifier contains both the hori- 
zontal and Vertical pulses which we nust separate fron each other. This is done by 
the integrating and differentiating networks. Tbese are shown aore clearly in 
Fig. 35 as coabination R-C filter circuits. The integrating circuit shown at the 
top left consists of a nuaber of resistors and capacitors connected in such a Banner 
as to short out the horizontal pulses and build up the aaplitude of the vertical 
pulses. Notice the shunt capacitors, C|, C^, and Cj. Tbese condensers ia addition 
to building up the amplitude of the vertical synch signal during successive pulses 
of the serrated vertical synch pulse, short out the hi^er frequency horizontal 
pulses, leaving only the vertical pulse to reach the grid of the 6JS vertical oscil- 
1 ator. 



Proceeding now to the differentiating circuit, the 100 aaf condenser connecting 
the output of the third synch anplifier to the input of the horizontal oscillator 
presents a high reactance to the low frequency vertical pulses as coapared to high 
frequency horizontal pulses, so that the signal peraitted to pass thru this con- 
denser contains only the horizontal pulses. 

If *c apply the test probe of the CRO to point 1, both the vertical and the 
horizontal pulses appear. At point 2 only the vertical pulses appear, and at point 
3 only the horizontal pulses appear. 
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We are now ready to trace the rerticai palaea aa they proceed froa the output 
of the 6J5 oscillator to the input of the Tertical deflecting coils. The lower 
left-hand portion of Fig. 36 is devoted to the block diagraa of this portion of the 
circuit. 
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PARTIAL BLOCK DIAGRAM 



FIG, 36 VAVBFOFMS OBTAIMBD AT VARIOOS TBST POIKTS IM 7BRTICAL ClkCOIT 

The upper left-hand portion of the figure is confined to a sinplified partial 
scheaatic of this circuit. The four test points shown in the block diagraa are in- 
dicated in the partial scheaatic by identical nnabers. Thus: 



No. 1 is the input of the vertical oscillator. 

No. 2 is the output of the vertical oscillator, the aaplitude of which is about 
120 volts. This signal is acted upon by the discharge or peaking circuit, “nie 
object of this circuit is to obtain a wave at the output of the oscillator which in- 
sures the presence of a sawtooth current wave in the vertical deflecting coils. 
But, aore on that shortly. 

No. 3 is the output of the vertical deflecting coils. The poteotinl at this 
point is about 65 volts. 

No. 4 is the input to the vertical output tube, which is about 450 volts. 

The corresponding wavefonss for test points 1, 2, 3, and 4 are shown at the 
right of the screen. 

No. 1 proceeding fro« top to bottoa indicates the sharp steep discharge, rad 
slow saw-tooth charge portions of the wave which are diaracteristic of the blocking 
oacil 1 ator. 

No. 2 indicates the effect of the peaking, or discharge circuit on this 
fora. Variations of this wavefora nay be produced by varying the vertical amplitude 
control. This is an excellent check on the operation of this circuit. 
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No. 3 indicates the wavefora of the pulse at the plate of the vertical output 
tube, or the 6K6. Notice how high the pulse voltage ia for the retrace portion. 
This is necessary to insure a high retrace current rate on the vertical deflecting 
coils during the retrace period. 



PEAKING 

The reader will recall, the foruula relating to voltage, inductance, and the 
rate of change of current in a coil. This foranla ia repeated again in two foras: 

e = L X Rate of change of current 

Rate of change of current = e/L 

[hiring the retrace period the frequency ia such higher than the 60 cycle fre> 
quency of the trace period. As a result, the reactance set up by the inductmce it 
the coil is nuch higher than before. Hiis affects the current considerably. Fron 
the fo rau 1 a shown above, in order to get a high and fast discharge of current 
during the retrace period the voltage saplitude aust be high and its waveform steep. 

Returning again to Fig. 36, and examining waveform No. 4 once again, we notice 
that the trace portion of the voltage curve is somewhat of a sawtooth. Ihis is due 
to the fact that during the trace period, the inductance of the vertical deflecting 
coil ia negligible as compared to its resistance. In a resistance, if we want a 
saw-tooth current we must have a saw-tooth voltage. Ihis explains idiy, in the com- 
posite wave, the waveform of the retrace ia a sharp high amplitude pulse, and the 
waveform of the trace ia a low amplitude saw-tooth. 

HORIZONTAL CIRCUIT 

We can now proceed to the horisontal oscillator and the circuits devoted to 
the development of the horitontal sweep. Fig. 37 illnatrstes the partial schematic 




FIG. 37 VA7EF0RMS OBTAIFBD AT VARIOOS POIRTS IK BORIZOKTAL SKBEP CIRCUIT 
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of this portioo of the circuit iu the upper left portion of the ncreen. Below it 
is the block diegrea shoving the test points nuabered to correspond to the suae 
points in the scheastic shore. Ihese test points are as follows: 

No. 1 is the input of the horisontal oscillator. 

No. 2 is the output of the horisontal oscillator* at about 120 volts. 

No. 3 is the output of the horisontal discharge circuit* at about 4S volts. 

No. 4 is the output of the horisontal output tube, at about 4,000 volts. Hie 
utaost caution should be used when neasuring high voltages of this nature. 

No. S is the output of the horisontal output tmaforaer, which is about 800 
volts, and represents the voltage vavefora appearing across the horisontal deflect* 
ing coils. Notice the flattop characteristic of this vavefora. It will be recalled 
that in order to obtain a sawtooth current wave in a circuit which is predoainantly 
inductive, a flattop voltage wave is required. When neasuring these high voltages 
a high voltage teat probe should be used, and a capacitance voltage divider sbould 
be eaployed for the C3C to prevent danage to its input circuit. 

CAPACITY VOLTAGE DIVIDER FOR OBSERVING HORIZONTAL SWEEP 

CIRCUIT PULSE WAVEFORMS 

The protective device mentioned above in Mr. Marshall's article should be used in 
conjunction with the oscilloscope section of the GENESCOPE for checking high voltage 
circuits. The maximum stress for which the oscilloscope input is designed is 500 
volts. A capacity voltage divider can be constructed as follows: 

Connect two capacitors in series as shown in figure 38A. The horizontal sweep pulse 
waveform voltage will divide across the two capacitors in inverse ratio to their cap- 
acities. The peak-to-peak voltage in the pulse may be 4000 or more volts, and only a 
small fraction of this amount should appear across the oscilloscope input: this pre- 
vents damage to the oscilloscope and also preserves the original waveshape. Capac- 
itor Cl needs to have a low capacity with a high voltage rating, while C2 needs a value 
200 or 300 times as great. The voltage rating of C2 is not critical but should be 200 
volts or more. Do not use an electrolytic, however. 

To prevent loading in the horizontal sweep circuit, the impedance of the divider 
should be high. This can be done by keeping the value of Cl small. An inexpensive 
small capacitor with a high voltage rating utilizes a high voltage rectifier tube with 
its filament not lighted. The plate is used as one side of the capacitor and the filament as the 
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other. If a 1B3GT were used for Cl, the capacity would be 1.5 uuf and it would with- 
stand upwards of 30000 volts. If a 1X2 were used, the values would be 1 uuf and 15000 
volts. Either tube will provide a high enough reactance at 15750 cycles to prevent any 
circuit loading when the divider is connected to any test point in the horizontal sweep 
circuits. The probe to be connected to the pulse source can be the plate cap lead with 
a clip on the probe end. Keep this lead short: eight inches should be long enough. 

A ceramic, mica, or air dielectric capacitor from 200 to 400 uuf can be used for 
C2. Connect the clips at the end of the VERTICAL INPUT cable across C2. 

Caution: Do not noake the connections into the receiver when it is on. With the re- 
ceiver off , connect the divider ground to the receiver ground and the ''hot” 
probe to the source of pulse in the horizontal sweep circuit. Then turn 
the receiver on. Adjustments can then be made on the oscilloscope with- 
out any danger to the operator. 

RESISTANCE DIVIDER FOR OBSERVING VERTICAL SWEEP CIRCUIT 

PULSE WAVEFORMS 

When observing the waveforms in the vertical sweep circuits of a television re- 
ceiver. a resistance divider will work best for the high voltage low frequency pulses, 
A suggested circuit for the resistance divider follows: connect three resistors in 

series as shown in figure 38b. Resistors R1 and R2 canbe 10 megohms each and R3 can 
be lOOK. Connect the clips at the end of the VERTICAL INPUT cable across R3. With 
the receiver OFF connect the "hot” probe to the source of pulse in the vertical sweep 
circuit. Then turn the receiver on. Adjust the oscilloscope to produce the waveforms 
shown in Figure 36. 



MAINTENANCE 

The Model 480 GENESCOPE is mounted to its case by 26 screws, 18 around the 
edge of the front panel and 4 on each side of the Oscilloscope sectionof the panel. Re- 
moving these 26 screws will allow the assembly to be removed from the case. Fig. 39 
is a rear view of the GENESCOPE with its case and internal shielding removed. Nine 
of the sixteen tubes are available upon removing the unit from its case. This includes 
the 5Z4 rectifier, 2-6X4 rectifiers , 4-6T6 oscilloscope amplifiers , the 6J6 oscilloscope 
sweep and blanking tube and the 3KP1 Cathode Ray tube. 

The FM Tuner unit and four additional tubes are available when the rear cover of 
the FM section is removed. This includes the 6AK5 FM oscillator , 6C4 fixed oscillator , 
6AK5 mixer, and 6C4 blanking tube. 

The AM Tuner, Crystal Calibrator, Audio Oscillator and three additional tubes are 
available by removing the rear cover of the AM section. The tubes in this section in- 
clude the 6C4 AM oscillator, 6J6 Crystal Oscillator and Mixer and the 6C4 Audio Os- 
cillator. 

The tubes of the GENESCOPE should be checked occasionally in order to insure 
good performance. The Model 480 GENESCOPE is adjusted carefully at the factory 
by means of precision standards but due to the nature of Very High Frequency circuits, 
ageing of parts or replacement of tubes may require re-adjustment of the oscillator 
circuits in order to maintain original accuracy. 

Adjust the GENESCOPE , when necessary, against its own crystal calibrator as 
follows : 

1. Remove the GENESCOPE from its case and take off the back and top shields 
of both oscillator sections. Turn the POWER switch to OPERATE and allow the 
GENESCOPE to warm up for at least 15 minutes. 
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2. Set the (SNESCOPE controls as specified in CALIBRATION PROCEDURES, 
page 

3. Set the A.M. GENERATOR RANGE switch at A, SIGNAL switch to CAL., and 
SIGNAL ATTENUATORS low, Tune the oscillator to the 7.5 me. calibration check point. 

4. Adjust C9 until the 7.5 me. zero beat indication occurs when the dial pointer indi- 
cates exactly 7.5 me. — _ 

5. Tune the oscillator for the 3.75 m£\ calibration check point. (A^ust L6 until the 
beat occurs when the dial pointer indicates exactly 3.75 me. Recheck the 7.5 me, setting 
and readust C9 if necessary. 

6. Set the A.M. GENERATOR RANGE switch to B. Tune to the 35 me. calibrating 

check point and adjust C8 until the check point indication occurs when the dial pointer 
indicates exactly 35 me. ^ 
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7. Tune to the 15 me. calibration check point and adjust L5 until the pointer is 
over the 15 me. mark on the dial. Recheck the 35 me. tuning point. 



8, Set the A.M. GENERATOR RANGE switch to band C. Tune to the 120 me. cal- 
ibration check point and adjust C7 until the zero beat indication occurs when the dial 
pointer indicates exactly 120 me. 



9. Tune to the 75 me. calibrating check point. This should fall exactly at the dial 
pointer position for 75 me. unless L4 has been moved physically. If necessary, loosen 
the two set screws holding L4 in place and shift L.4 in or out to obtain the beat pattern 
at the 75 me. dial indication. Recheck the 120 me. point. Replace the top shield of the 
A. M. Generator if it was removed for alignment to this step. 

10. Connect a crystal diode (such as a 1N34) between the center contacts of the 
OUTPUT and VERTICAL INPUT jacks. 

11. Set the SIGNAL, switch at CAL. Tune the A. M. Generator to its 170 me. cal- 
ibrating check point. Turn the SIGNAL switch to UNMOD. R.F. and set the SIGNAL 
ATTENUATORS to 10 and MAX. 

12. Set the F.M. GENERATOR RANGE switch at B. F.M. ATTENUATORS to MAX. 
and 10, F.M. SWEEP to 0. PHASING to 0. and BLANKING to OFF. 

13. Tune the F. M. Generator around the 170 me. dial mark for a zero beat indi- 
cation between the two generators. See whether the dial pointer indicates 170 me. on 
the CENTER FREQUENCY dial or if it is above or below the mark. 

14. Set the A.M. GENERATOR RANGE to B. SIGNAL switch to CAL., and SIGNAL 
ATTENUATOR potentiometer to 6. Tune the A. M. Generator to its 70 me. calibrat- 
ing check point. Turn the SIGNAL switch to UNMOD. R.F. and the SIGNAL ATTEN- 
UATOR potentiometer to 10. 

15. Tune the F. M. Generator around the 140 me. mark on the dial for a zero beat 
between the two generators. See whether the dial pointer indicates 140 me. on the 
CENTER FREQUENCY dial, or if it is above or below the mark. 

16. Adjust C27 for a compromise setting for the 170 me. and the 140 me. frequency 
positions of the pointer. 

17. Set the A.M. GENERATOR RANGE switch to C, SIGNAL switch to CAL. , and 
SIGNAL ATTENUATOR potentiometer to 6. Tune the A.M. Generator to the 240 me. 
calibrating check point. Return the SIGNAL switch to UNMOD, R.F. and the SIGNAL 
ATTENUATOR potentiometer to 10. 

18. Tune the F. M. Generator around the 240 me. point on the dial for a zero beat 
between the two generators. Zero beat should occur at the 240 me. mark on the dial 
unless the rotor for L7 has been moved on the tuning knob shaft. If it needs adjust- 
ment, tune to the zero beat point for 240 me,, loosen the alien head set screw on the 
shaft coupler, turn the tuning knob to place the pointer over the 240 me. dial mark 
while holding L7 in position, and then tighten the alien head set screw. Recheck the 
170 me. and 140 me. indications. 

19. Set the SIGNAL switch at CAL. and the SIGNAL ATTENUATOR potentiometer 
to 6. Tune the A, M. Generator to the 165 me. check point. Return the SIGNAL switch 
to UNMOD. R.F. and the SIGNAL ATTENUATOR potentiometer to 10. 
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20. Tune the F. M. Generator around the 165 me. mark on the dial for a zero beat 
indication on the oscilloscope. 

21. Remove the crystal diode fro'm the OUTPUT and VERTICAL INPUT jacks. 
Attach the cables to these jacks. 

22. Connect the OUTPUT cable to the input of an i-f strip tuned for a response 
pattern in the vicinity of 20 to 25 me. Connect the VERTICAL INPUT cable to the grid 
or plate of the last i->f amplifier to obtain a wave form similar to figure 18B when the 
intermediate frequency is tuned with the F. M. Generator. 

23. Set the A.M. GENERATOR RANGE switch at B, SIGNAL switch to CAL., and 
SIGNAL ATTENUATORS to 0 and XI. Tune the A.M. Generator to the 25 me. call* 
brating check point. Set the SIGNAL switch at UNMOD. R.F. 

24. Set the F.M. GENERATOR RANGE switch at A, F.M. ATTENUATORS at MAX. 
and 10, and F. M. SWEEP at 10. Tune C34 until the maximum i-f response is seen on 
the oscilloscope. Note that several response curves can be seen with very tittle rota- 
tion of C34. Tune to the largest response. 

25. Advance the SIGNAL ATTENUATORS until a marker can be seen on the re- 
sponse pattern. Keep them set as low as possible with the marker just visable. 

26. Reduce theF. M. SWEEP gradually toward zero. AdjustC34 to keep the marker 
on the trace as long as possible while reducing the sweep control. This is a rough ad- 
justment of C34. 

27. Remove the OUTPUT and VERTICAL INPUT cables and replace the 1N34 be- 
tween the center jack contacts. Turn the SIGNAL switch to CAL. and the SIGNAL 
ATTENUATOR potentiometer to 6. Set the A. M. GENERATOR RANGE switch to C and 
tune the A. M. Generator to the 170 me. check point. Turn the SIGNAL switch to UN- 
MOD. R.F. and the SIGNAL ATTENUATOR potentiometer to 10. 

28. Set the F. M GENERATOR RANGE switch to B and F. M. SWEEP at 0. Tune 
the F. M. Generator for a zero beat indication at 170 me. 

29. Set the SIGNAL ATTENUATOR potentiometer at6, the SIGNAL switch at CAL., 
and the A. M. GENERATOR RANGE switch at B. Tune the A. M, Generator to the 30 
me. calibrating check point. Set the SIGNAL switch at UNMOD. R.F. and the SIGNAL 
ATTENUATOR potentiometer to 10. 

30. Set the F. M. GENERATOR RANGE switch at A. Very carefully adjust C34 for 
a zero beat indication. This is a fine adjustment and should require only a slight 
touch-up adjustment on C34. 

Caution: this fine setting should require less than 3° of rotation of C34. If it 

appears to need more, go back to step 19 and repeat the steps more carefully. 

31. Set the SIGNAL switch at CAL. and the SIGNAL ATTENUATOR potentiometer 
at 6. Tune the A. M. Generator to the 35 me. calibrating check point. Turn the SIG- 
NAL switch to UNMOD. R.F. and the SIGNAL ATTENUATORS to 10 and MAX. 

32. Observe the oscilloscope while rotating the F. M. tuning knob. A constant zero 
beat should occur between the 35 me. from the A. M. Generator and 140 me. from the 
fixed oscillator regardless of the position of the pointer on the CENTER FREQUENCY 
dial. If this situation does not exist, the fixed oscillator is tuned to an incorrect fre- 
quency. Go back to step 19 and repeat the 140 me. oscillator adjustment. 
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3. Remove the crystal diode and replace all shielding. The GENESCOPE oscillators 
are now aligned within the close tolerances to which they were adjusted when it was 
manufactured. 



SWEEP ADJUSTMENT 

The f-m sweep motor is factory adjusted to provide a sweep bandwidth of 15 me. 
when operated on 110 volts, 60 cycles, and with the F. M. Generator tuned to 160 me. 
and the F. M. SWEEP control at 10. Operation on other line voltages or at line fre- 
quencies other than 60 cycles will require resetting of the sweep limiter adjustment, 
R55. Use the following procedure to adjust R5S. 

1. Turn the POWER switch of the 6ENESCOPE to OPERATE and allow 15 min- 
utes for the unit to warm up. Set the FUNCTION switch of the oscilloscope to 60 a/ 
SWEEP. Connect a crystal diode (such as a 1N34) between the center contacts of the 
OUTPUT and VERTICAL INPUT jacks. 

2. Set the A. M. GENERATOR RANGE switch to C. SIGNAL s/zitch to CAL., and 
SIGNAL ATTENUATORS to 6 and MAX. Tune the A.M. Generator to the 160 me. check 
p>oint. Turn the SIGNAL switch to UNMOD. R.F. and the SIGNAL ATTENUATOR po- 
tentiometer to 10. 

3. Set the F. M. GENERATOR RANGE switch to B, F. M. ATTENUATORS to MAX. 
and 10. and F. M. SWEEP to 0, Tune the F. M. Generator to zero beat at 160 me. 

4. Turn the F. M. SWEEP to 10 and the PHASING control to a position which pro- 
duces an open oval or circle on the oscilloscope. Note the two markers on the pattern. 
Reduce the SIGNAL ATTENUATORS to as low a setting as will still keep the markers 
visable. 

5. Rotate the A. M. Generator tuning knob and note that the two markers move 
around the trace until they join, produce a zero beat, and then disappear. Read the 
frequency on the A. M. Generator dial at the point where the markers zero beat. 

6. Rotate the A. M. Generator tuning knob in the opposite direction until the mark- 
ers move to the opposite side of the trace and join and zero beat again. Read the fre- 
quency on the A. M. Generator dial again at this zero beat point. 

7. The frequencies in steps 5 and 6 identifythe limit frequencies toward which the 
F. M. Generator is being swept. These should have a difference of 15 me. If they do 
not, ddjust R55 to correct. 

CAUTION: Do not adjust the sweep beyond the 15 me. bandwidth point. The motor 
reaches the limitof its swing a little beyond this point and willbe damaged if it is allowed 
to strike the stops for any considerable period of time. 

OSCILLOSCOPE TUBE 

An adjustment is provided at the base of the3KPl tube socket so that the tube may 
be rotated to set the horizontal trace parallel with the mirror opening. To rotate the 
tube loosen the two screws on the lower side of the tube socketflange and rotate the tube 
to the desired position. Retighten screws. To remove the tube, insert a screwdriver be- 
tween the tube base and socket and pry it outofthe socket. Lift the tube up through the 
shield, DO NOT ATTEMPT TO PULL THE TUBE OUT OF ITS SOCKET FROMTHE TOP. 

The Oscilloscope mirror tension may be adjusted by tightening or loosening the two 
screws on top of the cabinetdirectly behind the mirror. The Oscilloscope mirror should 



be cleaned with soap and water then polished with tissue paper or treated tissues ord> 
inarily used for cleaning eye glasses. DO NOT USE ABRASIVE POLISHES OF ANY 
KIND. 

If any tube in either the vertical or the horizontal amplifier is changed, the voltage 
at the first anode and the d-c voltage applied to each deflection plate should be rebaN 
anced. Use the following procedure; 

1. Turn POWER switch to OPERATE. 

2. Set the VERTICAL CENTERING and HORIZ. CENTERING controls at mid ro- 
tation (straight up). 

3. With a 20000 ohm-per-volt voltmeter, measure the voltage at pin 7 of the cath- 
ode ray tube (white lead with red tracer). This should be about 200 volts dc. 

4. Adjust resistors R90, R92, RlOO, and R103 for the reference voltage (step 3) 
at terminals II, 12, 14, and 15 on the direct input terminal board. If the voltages will 
not all balance at the reference voltage, make these four voltages identical with each 
other at a value as close to the reference as possible. Adjust R 103 first and measure 
the voltage at terminal 11; then measure at terminal 12 and adjust RlOO. Recheck 
terminal 11 because there is interaction between these adjustments. Follow the same 
procedure at terminal 14 with R90, then terminal 15 with R92. 

5. Adjust the INTENSITY and FOCUS control and observe the spot on the face of 
the cathode ray tube. It should be centered vertically and horizontally and have a well 
defined and focussed appearance. 

Aged tubes are used in the vertical and horizontal amplifier circuits. When re- 
placing any of the 6J6 tubes, age the new tube with 10 volts across its filament for 30 
minutes to assist in stabilizing the circuit operation and matching the characteristics 
of the other tubes in the circuits. 

Should your GENESCOPE fail to give satisfactory service due to repairable damage, 
it can be returned to the factory for repairs. Always accompany any equipment sent in 
for repair with a statement indicating where the trouble is; for example, "A, M. Gen- 
erator dial binds " or "oscilloscope intermittent after 2 hours of use" , etc. This will 
facilitate repairs, keep your bill to a minimum, and insure that the fault will be cor- 
rected when you receive your GENESCOPE again. 

WARRANTY 

SIMPSON ELECTRIC COMPANY warrants each instrument and other articles of 
equipment manufactured byitto be free fromdefects in material and workmanshipunder 
norma! use and service, its obligation under this warranty being limited to making good 
at its factory any instrument or other article of equipment which shall within 90 days 
after delivery of such instrument or other article of equipment to the original purch- 
aser be returned intact to it. or to one of its authorized service stations, with trans- 
portation charges prepaid, and which its examination shall disclose to its satisfaction 
to have been thus defective: this warranty being expressly in lieu of all other warranties 
expressed or implied and of all other obligations or liabilities on its part and SIMPSON 
ELECTRIC COMPANY neither assumes nor authorizes any other persons to assume 
for it any other liability in connection with the sale of its products. 

This warranty shall not apply to any instrument or other article of equipment which 
shall have been repaired or altered outside the SIMPSON ELECTRIC COMPANY factory 
or authorized service stations nor which has been subjeetto misuse,* negligence or acci- 
dent, incorrect wiring by others, or installation or use not in accord with instructions 
furnished by the .manufacturer. 
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PARTS LIST FOR 
MODEL 480 GENESCOPE 



Circuit 

Reference 




Description 


Cl 


Capacitor, 


8200 uuf mica 


C2 


Capacitor , 


.05 uf 400v. paper 


C3 


Capacitor, 


8200 uuf mica 


C4 


Capacitor, 


.05 uf 400v. paper 


C5 


Capacitor, 


5000 uuf ceramic 


C6 


Capacitor, 


.02 uf 400v. paper 


C7 


Capacitor, 


4.5-25 uuf trimmer 


C8 


Capacitor, 


2.2-20 uuf trimmer 


C9 


Capacitor, 


2.2-20 uuf trimmer 


CIO 


Capacitor, 


2 gang tuning 


Cll 


Capacitor, 


2000 uuf ceramic 


C12 


Capacitor, 


2000 uuf ceramic 


C13 


Capacitor, 


10 uuf ceramic 


C14 


Capacitor, 


470 uuf ceramic 


C15 


Capacitor, 


2000 uuf ceramic 


C16 


Capacitor, 


0.1 uf 400v. paper 


C17 


Capacitor, 


2000 uuf ceramic 


C18 


Capacitor, 


2000 uuf ceramic 


C19-26 


Capacitors, 1000 uuf feedthrough 


C19-26 


Assembled 


on one plate 


C27 


Capacitor, 


2-6 uuf trimmer 


C28 


Capacitor, 


100 uuf ceramic 


C29 


Capacitor, 


220 uuf ceramic 


C30 


Capacitor, 


220 uuf ceramic 


C31 


Capacitor, 


220 uuf ceramic 


C32 


Capacitor, 


3.3 uuf ceramic 


C33 


Capacitor, 


3.3 uuf ceramic 


C34 


Capacitor, 


3.5-15 uuf trimmer 


C35 


Capacitor, 


100 uuf ceramic 


C36 


Capacitor, 


220 uuf ceramic 


C37 


Capacitor, 


220 uuf ceramic 


C38 


Capacitor, 


2000 uuf ceramic 


C39 


Capacitor, 


5000 uuf ceramic 


G40 


Capacitor, 


5000 uuf ceramic 


C41 


Capacitor, 


220 uuf ceramic 


C42-50 


Capacitors 


, 1000 uuf feedthrough 


C42-50 


Assembled 


on one plate 


C51 


Capacitor, 


470 uuf ceramic 


C52 


Capacitor, 


470 uuf ceramic 


C53 


Capacitor , 


0.25 uf 400v. paper 


C54 


Capacitor, 


40-10uf 350V.D.C. Electrolytic 


C55 


Capacitor, 


10 uf 450 V.D.C. Electrolytic 


C56 


Capacitor , 


lO-lO-lOuf 450 V.D.C. ” 


C57 


Capacitor, 


.05 uf 400v. paper 


C58 


Capacitor, 


.02 uf 400v. paper 


C59 


Capacitor, 


.02 uf 400 V. paper 


C61 


Capacitor, 


.01 uf 400v. paper 


C63 


Capacitor, 


0.1 uf, 400v. paper 


C64 


- Capacitor, 


2-12 uuf trimmer 


C65 


Capacitor, 


1 50 uuf ceramic 


C66 


Capacitor, 


2 uf 200v. paper 



Simpson 

Part 



1-1139U 

1-113899 

1-113911 

1-113899 

1-113913 

1-113898 

1-113914 

1-113891 

1-113891 

1-113916 

1-113855 

1-113855 

1-113895 

1-113978 

1-113655 

1-113902 

1-113855 

1-113855 

1-114643 

10-890126 

1-113915 

1-113912 

1-113854 

1-113854 

1-113854 

1-113893 

1-113893 

1-113920 

1-113912 

1-113654 

1-113854 

1-113855 

1-113913 

1-113913 

1-113854 

1-114643 

10-890127 

1-113978 

1-113978 

1-113903 

1-113963 

1-113964 

1-113962 

1-113899 

1-113898 

1-113898 

1-113896 

1-113902 

1-113892 

1-113907 

1-113905 
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Circuit 

Reference 


Description 


Simpson 
Part Number 


C67 


Capacitor, 120 uuf ceramic 


1-113906 


C68 


Capacitor, 680 uuf ceramic 


1-113908 


C69 


Capacitor, 3900 uuf ceramic 


1-113909 


070 


Capacitor, .02 uf paper 


1-113898 


C71 


Capacitor, 0.1 uf paper 


1-113902 


C72 


Capacitor, 0.5 uf 200v. paper 


1-113904 


C73 


Capacitor, 3300 uuf mica 


1-113910 


C74 


Capacitor, 3300 uuf mica 


1-113910 


C75 


Capacitor, 0.25 uf 400v. paper 


1-113903 


C76 


Capacitor, 0.25 uf 400v. paper 


1-113903 


FI 


Fuse 2 amp 3AG 


1-112911 


J1 


Jack, OUTPUT 


1-113982 


J2 


Jack, VERT. INPUT 


1-113983 


J3 


Jack, HORIZ. INPUT 


1-113983 


LI 


Line filter 


10-890040 


L2 


Line filter 


10-890040 


L3 


85 uh choke coil 


10-890034 


L4 


Oscillator coiL A.M. Band "C" 


10-890033 


L5 


Oscillator coil, A.M. Band "A" 


10-890031 


L6 


Oscillator coil, A.M. Band "B" 


10-890032 


L7 


Coil assembly, F. M. tuner 


10-890028 


L8 


Oscillator coil. 140 me. 


10-890030 


L9 


Filter choke, power supply 


10-890039 


LIO 


20 nnh peaking coil 


10-890035 


Lll 


20 mh peaking coil 


10-890035 


Ml 


Sweep motor assembly 


22-302118 


R1 


Resistor, 56k l/2w. 10% 


1-113947 


R2 


Resistor, 33k l/2w. 10% 


1-113933 


R3 


Resistor, 22k 2 w. 10% 


1-113959 


R4 


Resistor, 100k l/2w. 10% 


1-113949 


R5 


Resistor, 100k l/2w. 10% 


1-113949 


R6 


Resistor, Ik l/2w. 10% 


1-111689 


R7 


Resistor, 47 ohms l/2w. 10% 


1-113921 


R6 


Resistor, 100k l/2w. 10% 


1-113949 


R9 


Resistor, 6.8k l/2w. 10% 


1-113048 


RIO 


Resistor. 22k 2 w. 10% 


1-113959 


Rll 


Resistor, 22k 2w. 10% 


1-113959 


R12 


Resistor, 18k l/2w. 10% 


1-113943 


R13 


Resistor, 33k 2w. 5% 


1-113960 


R14 


Resistor, 33k 2w.5% 


1-113960 


R15 


Resistor, 33k l/2w. 10% 


1-113945 


R16 


Resistor, 10k l/2w. 10% 


1-111671 


RI7 


Resistor, 8200 ohm 2w. 10% 


1-113956 


R18 


Resistor, Ik l/2w. 10% 


1-111689 


R19 


Resistor, 7500 ohm 5w. 10% 


1-113979 


R20 


Resistor, 6800 ohm l/2w. 10% 


1-113048 


R21 


Resistor, 10k l/2w. 10% 


1-111671 


R22 


Resistor, Ik l/2w.l0% 


1-111689 


R23 


Resistor, 100 ohm l/2w. 10% 


1-111940 


R24 


Resistor. 18k l/2w. 10% 


1-113943 


R25 


Resistor, 33k 2w. 10% 


1-113961 


R26 


Resistor, 100k l/2w. 10% 


1-113949 


R27 


Resistor, 10 Meg. l/2w. 10% 


1-111693 
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Circuit 

Reference 


Description 


Simpson 
Part Number 


R28 


Resistor, 2200 ohm l/2w.l0% 


1-113941 


R29 


Resistor, 2200 ohm l/2w. 10% 


1-113941 


R30 


Resistor, 12k 2w. 10% 


1-113958 


R31 


Resistor, 100k l/2w. 10% 


1-113949 


R32 


Resistor, 150 ohm l/2w. 5% 


1-113927 


R33 


Potentiometer, 50k 


1-113877 


R34 


Resistor, 91 ohm l/2w. 10% 


1-113923 


R35 


Resistor, 750 ohm l/2w. 10% 


1-111684 


R36 


Resistor, 91 ohm l/2w. 10% 


1-113923 


R37 


Resistor, 750 ohm l/2w. 10% 


1-111684 


R36 


Resistor, 91 ohm l/2w. 10% 


1-113923 


R39 


Resistor, 750 ohm l/2w. 10% 


1-111684 


R40 


Resistor, 91 ohm l/2w. 10% 


1-113923 


R41 


Resistor, 750 ohm l/2w. 10% 


1-111684 


R42 


Resistor, 82 ohm l/2w. 10% 


1-113922 


R43 


Resistor, 56k l/2w. 10% 


1-113947 


R44. 45 


Dual Potentiometer, 2k each section 


1-113880 


R46 


Resistor, 75 ohm l/2 w. 5% 


1-114113 


R47 


Resistor, 750 ohm l/2 w. 10% 


1-111684 


R48 


Resistor, 91 ohm l/2w. 10% - 


1-113923 


R49 


Resistor, 750 ohm l/2w. 10% 


1-111684 


RSO 


Resistor, 91 ohm l/2w. 10% 


1-113923 


R51 


Resistor, 750 ohm l/2w. 10% 


1-111684 


RS2 


Resistor, 91 ohm l/2w. 10% 


1-113923 


R53 


Resistor, 750 ohm l/2w, 10% 


1-111684 


R54 


Resistor, 82 ohm l/2w, 10% 


1-113922 


R55 


Potentiometer, 10 ohm 


1-113861 


R56 


Resistor,6.8 ohm 2w. 10% 


1-113955 


R57 


Potentiometer, 50 ohm 


1-113882 


R58 


Resistor, 7k 20w. 


1-113919 


R59 


Potentiometer, 1 Meg. with switch 


1-113870 


R60 


Potentiometer, 500k 
Resistor, 2.7k l/Zw. 10% 


1-114153 


R61 


1-113942 


R62 


Resistor. 330k l/2w. 10% 


1-113950 


R63 


Resistor, 150 ohm 1/2 w. 10% 


1-113926 


R64 


Resistor, 47k l/2w. 10% 


1-113946 


R65 


Resistor, 220k Iw, 10% 


1-113937 


R66 


Potentiometer, 250k 


1-113875 


R67 


Resistor, 820k Iw. 10% 


1-113938 


R68 


Resistor, 220k Iw. 10% 


1-113937 


R69 


Resistor, 100k l/2w. 10% 


1-113949 


R70 


Resistor, 10 Meg l/2w. 10% 


1 -111693 


R71 


Resistor, 10 Meg l/2w. 10% 


1-111693 


R72 


Resistor, 10 Meg. l/2w. 10% 


1-111693 


R73 


Resistor, 10 Meg l/2w. 10% 


1-111693 


R74 


Resistor, 68k Iw. 10% 


1-113936 


R75 


Resistor, 68k Iw. 10% 


1-113936 


R76 


Resistor, 68k Iw. 10% 


1-113936 


R77 


Resistor, 68k Iw. 10% 


1-113936 


R78 


Resistor, 2.7k Iw. 10% 


1-113931 


R79 


Resistor, 10k l/2w. 10% 


1-113048 


RSO 


Resistor, 33k Iw. 10% 


1-113933 


R81 


Resistor, 27k l/2w. 10% 


1-113944 


R82,84 


Potentiometer, 2 section, 1 Meg, 250k 


1-113874 
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Circuit 




Simpson 


Reference 


Description 


Part Number 


R83 


Resistor, 68k lw.10% 


1-113936 


R85 


Resistor, 27k l/2w. 10% 


1-113944 


R86 


Resistor, 220 ohm l/2w. 10% 


1-113928 


R87 


Resistor, 470 ohm l/2w. 10% 


1-113940 


R88 


Potentiometer, 500k 


1-113871 


R89 


Resistor, 18k l/Zw. 10% 


I-1I3943 


R90 


Potentiometer, 10k 


1-113879 


R91 


Resistor, 6800 ohm l/2w. 10% 


1-113048 


R92 


Resistor, 56k l/2w. 10% 


1-113947 


R93 


Potentiometer, 10k 


1-113879 


R94 


Resistor, 10k l/2w. 10% 


1-111671 


R95 


Resistor, 6800 ohm l/2w. 10% 


1-113048 


R96 


Potentiometer, 25k 


1-113878 


R97 


Resistor, 39k Iw. 10% 


1-113934 


R98 


Resistor, 39k Iw. 10% 


1-113934 


R99 


Resistor, 56k l/2w. 10% 


1-113947 


RlOO 


Potentiometer, lOk 


1-113879 


RlOl 


Resistor, 10k l/2w. 10% 


1-111671 


R102 


Resistor, 6800 ohm l/2w. 10% 


1-113048 


R103 


Potentiometer, 10k 


1-113879 


R104 


Resistor, 18k l/2w. 10% 


1-113943 


R105 


Resistor, 6800 ohm l/2w. 10% 


1-113048 


R106 


Potentiometer, 25k 


1-113878 


R107 


Resistor, 2700 ohm l/2w. 10% 


1-113942 


RIOS 


Resistor, 10 Meg. l/2w. 10% 


1-111693 


RI09 


Resistor, 2700 ohm l/2w. 10% 


1-113942 


RllO 


Resistor, 10 Meg. l/2w. 10% 


1-111693 


Rill 


Potentiometer, 500k 


1-113871 


R112 


Resistor, 1 Meg. l/2w. 10% 


1-113952 


R113 


Potentiometer, 500k 


1-113871 


R114 


Resistor, 12 Meg. l/2w. 10% 


1-113953 


R115 


Resistor, 12 Meg. l/2w. 10% 


1-113953 


R116 


Resistor, 2200 ohm l/2w. 10% 


1-113941 


R117 


Resistor. 680 ohm IW. 10% 


1-113929 


R118 


Potentiometer, 100k 


1-113876 


SI 


Switch, A.M. GENERATOR RANGE 


1-113889 


S2 


Switch. POWER 


1-113883 


S3 


Switch. SIGNAL 


1-113884 


S4 


Switch, F. M. GENERATOR 


1-113885 


S5 


Switch. F.M. ATTENUATOR 


1-113886 


S6 


Switch, Signal attenuator 


1-113886 


S7 


Switch, FUNCTION 


1-113888 


S8 


Switch. HORIZ. SENS. 


1-113890 


S9 


Switch. VERTICAL SENS. 


1-113890 


SIO 


Switch, SWEEP RANGE 


1-113887 


T1 


Transformer, Plate 


10-890038 


T2 


Transformer, Modulation 


10-890037 


T3 


Transformer, Filament 


10-890036 


VI 


Tube, 6C4, A.M. Oscillator 


1-113975 


V2 


Tube, 6J6, Crystal oscillator and mixer 


1-113639 


V3 


Tube, 6C4, Audio oscillator 


1-113975 


V4 


Tube, 6AK5, F. M. oscillator 


1-113611 


V5 


Tube, 6C4, 140 me. oscillator 


1-113975 


V6 


Tube, 6AK5, F.M. mixer 


1-113611 
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Circuit 

Reference 



V7 

V8 

V9 

VIO 

Vll 

V12 

VI3 

V14 

V15 

V16 

Y1 

Y2 



Description 

Tube, 6C4, F. M. blanking 
Tube, 5Y3GT, Generator rectifier 
(or 5Z4) 

Tube, 6X4, Oscilloscope negative rect- 
ifier 

Tube, 6X4, Oscilloscope positive rect- 
ifier 

Tube, 6J6, Linear sweep and blanking 
Tube, 6J6, First vertical amplifier 
Tube, 6T6, Second vertical amplifier 
Tube, 6J6, First horizontal amplifier 
Tube, 6J6, Second horizontal amplifier 
Tube, 3KP1, Cathode ray tube 
Crystal diode, 1N34 
Crystal, 5.0 me. .05% 

Output cable with termination box 
High frequency probe and cable 
Oscilloscope cables 
Dial assembly, A.M. 

Dial assembly, F.M. 

Knob, pointer type 
Knob, tuning type 



Simpson 
Part Number 

1-113975 

1-114671 

(1-113976) 

1-113974 

1-113974 

3-310615 

3-310615 

3-310615 

3-310615 

3-310615 

1-113977 

1-113852 

1-113965 

0-008370 

10-890080 

0- 008371 
10-890027 
10-890026 

3-260180 

1- 114050 




S2 

POWE 



S7 ' 

FUNCTION 



ATTSNUATORE 






VERT. INPUT HORIZ. INPUT 



RiiS ^ 

SWK I VERT. GAIN 



VERT SENS. 

S9 



NOTES 

I. Capacitor values are m ftfi\ unless otherwise 
noted. 

1. Rotary switches ere shown m their full 
counter-clockwise position. 

S. K - I.OOQ h4 - 1,000,000 



1C DI/GRAM OF THE MODEL 480 



VERT CENT. 
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